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metabo l ic patiiways of amino-ac ids invo lve s e p a r a t i o n of 
the amino group from the amino ac id carbon s k e l e t o n and 
t h e r e a f t e r convers ion of the carbon chain to p r o d u c t s which 
a l s o a r i s e i n the metabolism of f a t s and c a r b o h y d r a t e s . These 
ai« then completely ox id ized . The genera l p a t h f o r the 
o x i d a t i o n of a-amino a c i d s i s a s fo l lows . 
ECH COUH + oxidase ^ RC-CUUH + H„0 - » EC -COOH + NH^ 
I -^  II ' II ' 
WH NH 0 
RGOOH 
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The (x-^eto ac id produced above may be conver ted t o ca rbohydra te 
which i s the major source of glycogen ob ta ined by g l y o o g e n e s i s . 
The a v a i l a b l e l i t e r a t u r e on amino ac id o x i d a t i o n most ly 
concerns w i th the enzymatic a c t i v i t i e s . There are casual 
r e f e r e n c e s on i t s o x i d a t i o n by i n o r g a n i c o x i d a n t s . Most of 
these deal wi th the a n a l y s i s of i n t e r m e d i a t e s and the end 
p r o d u c t s i n the ox ida t i on of a-amino a c i d s w i th KMnO ,^ Or (v i ) 
and H O . The mechan i s t i c a spec t of the r e a c t i o n seems t o have 
been untouched. Pe r su lpha t e and chloramine-T o x i d a t i o n of 
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^ y c i n e , Hj-a-alanine and a-val ine has j u s t "been reported. 
The l i t e r a t u r e on permanganate as well as manganic 
oxidation i s voluminous and i n e i t h e r case, the role of 
Mn^ i s very complicated and has s t i l l not been c lear ly 
understood. Thus, to have a h e t t e r understanding of the 
reac t ion , the oxidation of four simple amino acids* v i z . , 
glycine, H)-a"alanine and DL-iso and normal va l ine have 
been studied i n de ta i l i n presence of low as well as high 
concentration of Mn(l l ) . 
The k i n e t i c s of oxidation of glycine, I5L-a-alanine and 
DL-iso and normal val ine by Mn(III)-sulphate i n sulphuric 
acid medium has been inves t iga ted . All the four amino 
acids have been found to follow a s imi la r Kine t i c s . The 
nature of the react ion i s very much dependent on the 
concentration of Mn(II) present i n the inac t ion mixture. 
The r e s u l t s are summarised as follows. 
Oxidation of amino acids with Mn(lII) sulphate i n 
the presence of low (below O.OIM') concentrat ion of 
Mn(ll) 
The react ion showed a f i r s t order dependence on Mn(III) 
when the i n i t i a l concentration of Mn(ll) present i n the reac t ion 
3 
mixture was l e s s tlian O.OlM, however, t h i s l i m i t f o r 
Hj -n -va l ine was s i g n i f i c a n t l y h igh (O.IM). The r e a c t i o n 
r a t e was independent of the Mn(II) c o n c e n t r a t i o n , so 
long as i t s c o n c e n t r a t i o n was w i t h i n the c o n c e n t r a t i o n 
range mentioned above. 
The r e a c t i o n showed f i r s t o rde r dependence on amino 
ac id and an i n v e r s e f i r s t o rde r dependence on hydrogen ion 
c o n c e n t r a t i o n . The r a t e was independent of i o n i c s t r e n g t h 
except fo r a nega t ive s a l t e f f e c t f o r DL-iso and normal-
v a l i n e . 
Oxidat ion of amino a c i d s w i th Mn(l I I ) su lphate i n 
the presence of h i g h c o n c e n t r a t i o n of Mn(II) . 
In the presence of l a r g e r c o n c e n t r a t i o n (above O.lM) of 
M n ( l l ) , the r e a c t i o n showed a second o rde r dependence on 
Mn( l l l ) w i th an i n h i b i t o r y e f f ec t of iVin(ll). 
The r e a c t i o n showed f i r s t o rde r dependence on amino ac id 
and an inve r se f i r s t o rde r on hydrogen ion c o n c e n t r a t i o n and 
a nega t ive s a l t e f f e c t . 
In view of the above the most probable r e a c t i o n sequence 
i s a s fo l lows . 
JVin^ + HA"^  "^ -^  ^ Mn A ^ + H"^  — if'ast — ( l ) 
^ -1 
Mn A*^ • "^ ^ ^ Mn^ "^  + A* -— Slow (2) 
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A* + i^in^ > Product + Mn^"^  i?'ast (3) 
moderately 
(where HA^  stands for the protonated amino acid molecule and 
A* for the free radical). 
?+ It i s , therefore, expected that when Mn concentration 
i s low, the rate determining step i s the forward reaction of 
equation (2). On the other hand, when ten concentration i s 
highly increased the concentration of A* becomes too low 
making the reaction (3) rate determining step. 
Thus at lower concentration of Mn(ll) in the reaction 
mixture, the reaction rate i s given as follows. 
t 3+~l Mn A J 
[HA*] 
= ^zh —r-:^ '^ ) 
'"^^'"' '^ots = ^ 2 "^ l [H*] 
This explains the results on the manganic oxidation of 
four amino acids studied viz. , glycine, DL-a-alanine and 
DL-iso and normal-valine in presence of low concentration of 
Mn^"^, 
?+ 
I n piresence of high, c o n c e n t r a t i o n of Mn i n the r e a c t i o n 
mixture , s tep (3) becomes r a t e c o n t r o l l i n g . 
React ion r a t e = ic [_AJ |_iVin^J 
Applying s teady s l a t e to [^A'J and \_ii^n A J we have , 
m k k [HA."*"! [ivm^ ] 
React ion r a t e = +1+^6'- b ___ 
ic.iic.g [irt][Mn2+]+ k_^k^ [Mn=^][H+] +lc^k^g [ivin^] 
The l a s t two terms of the denominator are n e g l i g i b l e i n 
comparison to the f i r s t , and the above reduces t o the fo l l owing , 
k- , k k [HA'*'][Mn^l 
React ion r a t e = — ^ — ± - ^ — ^ .-, r—5I=i ^^) 
DUrther, a s the c o n c e n t r a t i o n HA"^  and Mn are very much 
i n excess over t h a t of mn , the c o n c e n t r a t i o n of HA and Mn 
can thus be assumed to remain c o n s t a n t i n a g iven run. The 
e x p r e s s i o n (B), t h u s s i m p l i f i e s t o . 
React ion r a t e = k , [ Mn^ J 
Where k , = K^  K„ k 
o b s - 1 2 3 [H+][Mn2+] 
This e x p l a i n s the o b s e r v a t i o n s on the o x i d a t i o n of amino 
a c i d s i n presence of h i g h e r c o n c e n t r a t i o n of Mn(ll) . 
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Under "both the c o n d i t i o n s of i n v e s t i g a t i o n v i z . , low 
and h i g h c o n c e n t r a t i o n of iVin(il) i n t h e r e a c t i o n m i x t u r e , 
t he f o r m a t i o n of NH , k e t o a c i d , a l d e h y d e and t h e c o r r e s p o n d i n g 
o 
c a r b o x y l i c a c i d s have b e e n d e t e c t e d . The mechanism may be 
s c h e m a t i c a l l y w r i t t e n a s b e l o w . 
R - CH CUOH + Mn 
I 
NHt 
3f +1 > RHC 
Fast" 
-1 
C-OH + H 
II 
0 
(1) 
RHC 
k 
C-OH 
k 
H N : 0 
\ 34-'^ 
Mn*^ 
i ^ - ^ RCH — C —OH + ivm^"'' 
II 
0 -2 ' 
stow HgN. 
RC"^—C -OH 
1 " 
HN'H 
H 
(2) 
RC — 
.1, 
HN'H 
H 
0 - O H + Mn"^ + HO 
II 2 
0 
k. 
f a s t 
m o d e r a t e l y 
R 
I 
•> H - O - C - C —OH 
+ II 
0 
+ NH„ 
i*'ast 
2+ 
+ Mn^ + H .+ 
R 
0 = C — p -OH + H^  
0 
.3+ i ' a s t Mn' 
RCHO + GO. 
S'ast Mn 3+ 
RGOOH. 
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CHAPTER I 
GENERAL INTRODUCTION 
Metabol ic pathways of aminoaclds a re most ly o x i d a t i o n 
p r o c e s s e s . The degreda t ive metabolism of amino a c i d s 
invo lve s e p a r a t i o n of the amino group from the amino ac id 
carbon ske le ton and t h e r e a f t e r t he convers ion of carbon 
cha in t o p r o d u c t s which a l s o a r i s e i n the metabolism of 
f a t s and ca rbohydra t e s . These a re then completely ox id ized , 
The genera l p a t h f o r t he o x i d a t i o n of a-amino a c i d s i s as 
fo l lows . 
R GHCOOH + Oxidase ^ RC-COOH + HO 
HH_ ' ^ 2 NH 
2 
RCOUH < RC - COOH + NH, 
-°°2 3 0 
The a-keto acid produced i n the above ceact ion may be 
converted to carbohydrates which i s the major source of 
clycogen obtained by glycogenesis. 
To understand the enzymatic oxidation of amino acids 
i n the body, attempts were made r igh t from the beginning 
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of the twentieth century to study the oxidation of amino 
acids by ugual laboratory inorganic oxidants. H.D.Dakin 
performed the oxidation of glycine, alanine and leucine 
with HO i n presence of Fe SO.. He observed tha t i n the 
oxidation of glycine, formic and glyoxylic acids were 
formed while alanine yielded acetaldehyde and ace t i c acid 
(but no pyruvic acid, CH„ COCOOH, the product corresponding 
to glyoxylic acid) and leucine gave i s o - v a l e r i c aldei^de 
0—3 
and i s o - v a l e i l c ac id , W. Denies ox id i zed a few amino 
a c i d s w i t h a l k a l i n e potass ium peimanganate . Alanine w i t h 
alk-KMn 0^ , y i e l d e d NH^ , CO , H 0^0^ and HNO .^ Tyrosine 
when s i m i l a r l y ox id ized , y i e l d e d the same p r o d u c t s t o g e t h e r 
w i t h t r a c e s of an a c i d thought t o be p-oxybenzoic a c i d . 
Glycine on complete o x i d a t i o n w i t h alk-KB/inO. gave H C 0 , 
GO , NH and HNO , The same when ox id ized w i t h an 
i n s u f f i c i e n t amount of alk-KMiiO. , t r a c e s of formic ac id 
and g lyoxy l i c a c i d s were d e t e c t e d . C y s t i n e , when ox id ized 
w i t h excess of alk~KMnO^ y i e l d e d H C 0^ , H SO^ , AcOH, 
carbonic ac id and NHO t o g e t h e r w i t h NH and f r e e su lphur . 
Regarding the i n t e i m e d i a t e p r o d u c t s i t has been remariced 
t h a t the g r e a t e r p a r t of a l an ine on a x i d a t i o n w i t h alk-KMnO. 
i s t ransformed i n t o l a c t i c ac id w i t h subsequent o x i d a t i o n 
to py ruv ic , oxa l i c and carbonic a c i d s . 
SCHg, CH NHg COOH + gH^O > sCH^. CHOHCOOH + 2NH2 
+ 0 p 
+ 40 ^ ^ 
(COOH) + 2C0 + 2H 0 < ^i— 2CH , CO. COOH 
The i s o l a t i o n of minute q u a n t i t y of f a t t y a c i d s i n d i c a t e s 
t h a t a small p o r t i o n of the a l an ine i s t ransformed d i r e c t l y 
i n t o a c e t i c and carbonic a c i d s . 
2CH„CH NH„COOH + 0 . •> CHgCOUH + CO + NHg 
I n the case of Tyrosine o x i d a t i o n w i t h alk-KMnO^ > i t was 
thought t h a t approximately fou r carbon atoms are u t i l i z e d 
i n the formation of CO whi le t h e remaining f i v e carbon 
atoms go to the p roduc t ion of o x a l i c , a c e t i c and probably 
p-oxybenzoic a c i d s . The ease w i t h which the benzene r i n g 
i s broken would seem t o p o i n t t o the format ion of 
i n t e r m e d i a t e a s quinone compounds wi th t h e t e a r i n g apa r t 
of the s ide chain and benzene r i n g . 
COOH 
1^£_ 
•> 2 + 2CH,.CH.NH COOH o 2 
0, 
<N 
^ > 4(C00H) +4G0 
Cystine with permanganate i n strongly a lkal ine 
solut ion was supposed to transform to the following. 
SCH GH(UH )COUH CUUH 
+150g+2H20 > 
SCH CH(NHJCOUH GUUH 
+ 4G0 
+ 4NH^+ 4H SO. . 
As an i n t e r m e d i a t e p r o d u c t i n t h e f o r m a t i o n of o x a l i c a c i d , 
l a c t i c a c i d w i t h s u b s e q u e n t t r a n s f o r m a t i o n i n t o p y r u v i c 
a c i d seems most p r o b a b l e . 
SCH CH(NH JCOOH 
I n riTi n 1 "^n 
+ l U n U + OU 
S CH CH(M )CUUH 
^ nnr 
> S'-'-t 
1 
i , GHOHCOOH 6 
*°2 
GOOH 40 
2H 0+200„+ 2 I < 2— 2 CH_ - GO GOOH 
2 2 GOOH ^ 
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Fr. Fichter e ta l found t h a t the electrochemical 
oxidation of glycine, alanine and leucine was s imi la r to 
5 
t h a t of H O . Further, Heinrich Wieland and Franz Bergel 
showed that glycine, a lanine, phenylalanine and asparaginic 
acids are oxidized by elementary Oxygen in such a way tha t 
equivalent amounts of GO and NH are formed i n 6-40 °/o 
y ie ld , depending upon the time, amount of ca ta lys t and 
concentration. I t was suspected that probably imino acid 
i s tJie intermediate product i n t h i s react ion, The reac t ion 
was accelerated by charcoal. In 1926, N.C.Wright studied 
the action of hypochlori tes on amino acids and p ro t e in s . 
The amount of hypochlorite taken up was not proport ional to 
the amount of p ro t e in present . The oxidat ion of amino acids 
t>y HO in foimic acid was studied by Gerri t Toennies and 
7 
Eichard P. Homillar , They prepared the oxidizing agent 
by d i lu t ing 1 cc of 30 °/o HO to 10 cc with 88 °/o HCOgH 
and simply reported the oxygen consumed (atms. per mole) 
a f t e r 1 and 2 hours by some amino ac ids . 
The oxidation of glutamic acid to succinic acid with 
KGIO in ac idic solut ion (HGl or H SO )^ was reported by 
Tsuneyoshi Katguda . The y i e ld was 90 / o of the 
theore t ica l va lue . The optimum amount of KC10„ used was 
9 
4-5gm for 2gn of glutamic acid. I .W.Sizer oxidized 
tyros ine , tiypotophan, lys ine and possibly cyst ine i n a 
peroxidase " H O system at p^ 7.3 and 37°c. Georges 
Martin studied the act ion of copper on the permanganic 
oxidation of amino ac ids . At ptj 3.2 cu ions i nh ib i t ed the 
oxidation of a spa r t i c acid and glutamic acid by bo i l i ng 
KMnO-^ . The minimum ox id i zab i l i t y was a t t a ined when the 
r a t i o of cu to amino acid was 1 . At pxj 7 .8 , the acids were 
only s l igh t ly oxidizable i n the absence of cu, but for the 
r a t i o of cu to acid amide equal to un i ty , the ox id i zab i l i t y 
increased to a maximum. In presence of Na SO . glutamic 
acid could be oxidized without cu. Copper and sodium ions 
6 
act s imilar ly , probably by a ^ p r e s s i o n of i on iza t ion . 
The reduction of chromic acid i n sulphuric acid solut ion 
by some natural amino acids was studied by J , Gracia-
ELanco and A.M.Pascual and t h e i r r e l a t i v e ease of 
oxidation was reported as *. Isoleucine > l euc ine , ty ros ine , 
l y s i n e , serine > arginine > cys t ine , cys te ine , va l ine > 
phenylalanine, methoionine > h i s t i d i n e > pro l ine > a spa r t i c 
acid and glutamic acid > alanine > glycine. Using ^o^o ^^ 
the presence of M , P. G-ardiki, A. Qimitriadas and 
o 
IP 
A, Ghristomanos oxidized ge l a t i n and several a" amino 
acids but they fa i led to oxidize glycine. The oxidation 
of amino acids by excess hypobromite a t 0 a t e i t h e r 
Pjj 9.4 or i n IN NaOH (p^ 14) was studied by William H. 
13 
McGregor and i'redricic H. Carpenter . At e i t h e r Pjr 
values a l ipha t ic amino acids (a lanine, va l ine and leucine) 
consumed 2 moles of oxidant to y i e ld the corresponding 
n i t r i l e of one l e s s carbon atom (50-89 °/o y i e l d ) . Aspartic 
acid gave a t Pg 9.4 cyaaoacetic acid (23 / o yield) and 
PTJ 14, dibromo acetamide (33 / o y i e l d ) . At Py 14 Asparagine, 
lys ine and glutamic acid gave the expected n i t r i l e s in 40, 
o 14 
45 and 58 / o yie ld respec t ive ly , O.G. Pakroskaya studied 
the oxidation of glycine with KMn 0 and not iced that the 
oxidation proceeded more rapidly i n an a lka l ine medium with 
the formation of NH_,, HCN and Oxalate. More HCN was however 
o 1 5 foimed i n an acid medium. O.G. Pakroskaya a lso studied 
the oxidation ra te of alanine ( I ) , serine ( I I ) , Cystiene ( I I I ) , 
7 
pheny la lan ine ( IV) , t y r o s i n e (V), t ryp tophan (VI) , 
h i s t i d i n e - d i - H C l (VII) and his tamine-di-HCa (VIII) w i t h 
KMnO., The r a t e of o x i d a t i o n v a r i e d wi th the medium* I , 
I I , VII were more e a s i l y ox id i zed i n alk-medium, l e s s so 
i n n e u t r a l medium and wi th d i f f i c u l t y i n a c i d meditim. 
Oxida t ion of IV was f a s t i n a l k a l i n e medium, slow i n ac id 
and s t i l l slower i n n e u t r a l medium. A comparison of 
o x i d a t i o n r a t e s of I , I I , IV and VII showed t h a t i n - t h e 
p resence of an OH o r P h group, i m i d a z o l y l e t h y l enhanced 
t h e mol. r e a c t i v i t y i n a l l media, e s p e c i a l l y i n n e u t r a l 
and a c i d s o l u t i o n s . A comparison of o x i d a t i o n r a t e s of VI 
and VII showed t h a t the p resence of a GOUH group i n the 
amino ac id enhanced i t s r e a c t i v i t y i n ac id medium and 
lowered i n a l k a l i n e and n e u t r a l media, Amino a c i d s w i t h 
SH groups, hydroxybenzyl group, or s k a t y l i . e . . I l l , IV and 
VI, possessed h ighes t o x i d a t i v e r e a c t i v i t y under t h e 
exper imenta l c o n d i t i o n s . T, Hafce i n 196 5 s t u d i e d the 
a c t i o n OsO, and KMnO. on amino a c i d s , p e p t i d e s and p r o t e i n s . 
He found t h a t amino a c i d s a r e ox id ized to NH_, Ke toac ids and 
simple f a t t y a c i d s hy OSO and KMnO., bu t p e p t i d e s and 
p r o t e i n s do not undergo cleavage of p e p t i d e bonds, and the 
NH„ produced from t h e l a t t e r i s p robab ly de r ived from t h e 
17 
s ide c h a i n s . Vasant M. t r i e d t o e s t a b l i s h the mechanism 
of the non enzymic t r a n s a m i n a t i o n r e a c t i o n s between v a r i o u s 
amino a c i d s and a~oxogLutar ic ac id c a t a l y z e d by metal i o n s 
2+ 2+ ^ 3+ 
e . g . , Fe , Cu ^ KL and Pe . Of the 14 amino a c i d 
8 
studied, the oxidation was optimum a t p 14 for h i s t i d i n e . 
In the presence of Al h i s t i n e transaminated with 
a - oxoglutaric acid, fonaing glutamic acid and a 1 I g 
metal ion-imidazolene N, which was involved in the fonmation 
of s tab le , sparingly soluble metal ion~imidazolyl pyruvic 
acid complexes or chelates as end products of these reacitons. 
Of the metal ions studied only A l ^ , P e ^ , F e ^ and Cu^ "*" 
were effect ive c a t a l y s t s for the transamination reac t ions . 
EDTA completely inh ib i t ed the c a t a l y t i c effect of the A l ^ . 
G.CThandra and S.N, Srivastavat i n the s i l v e r 
catalyzed peroxydisulphate oxidation of glycine, a-alanine 
and val ine which follows a f i r s t order k i n e t i c s in 
peroxydi sulphate and i s independent of the amino acid , 
has suggested the ca t a ly t i c a c t i v i t y of b iva lent s i l v e r 
species. Activation energy values suggest a one e lectron 
t r ans fe r process. The observed f i r s t order ra te constant 
has a l i n e a r dependence on ca t a lys t concentrat ion and follows 
the equation. 
k 
obs= ^ ^ ^ 2 t^^^J 
where kJ and k' are the ra te constants for uncatalysed and 
catalysed pa ths . ALlyl aceta te has a re tard ing effect which 
confirms with the chain nature of the reac t ions . A ra te 
expression of the type 
9 
a [SgOe J 
dt 
fcf + kgEAg^Jf fSgOg J 
has 136611 suggested. 
Kinet ics of chloramine-T oxidation of glycine, a-a lanine 
and val ine i n a lka l ine media has been inves t iga ted by 
21 
S.P. Mushran e t a l , the reac t ion i s f i r s t order with respect 
to both Ghlcramine-T and amino acid an.d has f i r s t order 
inverse dependence on a l k a l i , The effect of ion ic s t rength 
on the ra te of oxidation i s neg l ig ib l e . I t i s proposed t h a t 
the amino acid molecule r eac t s i n a slow step with p- toluene 
sulphochloramide to form an intermediate monochloroamino acid 
which subsequently i n t e r a c t s with another molecule of p-toluene 
sulphochloramide i n a f a s t e r step y ie ld ing n i t r i t e and other 
products, 
Peimanganate i s one of the few strong oxidants which 
has been widely used and r eac t s with almost a l l types of 
oxidizable groups. I t has been i n use for well over a 
century i n volumetric analys is and i n synthet ic an degradative 
pp 
organic chemistry. I t was observed by Ubbelohde that 
the use of KMnO. i n volumetric analys is i s hampered i n some 
cases by poor end po in t s . This i s a t t r i b u t e d to slow oxidat ion 
by MnO^ ion. However, i f reductants , such as hydrogen peroxide 
n i t r i t e s and vanadium s a l t s are t i t r a t e d against manganic 
s a l t s , veiy sharp end points are obtained. Manganic sulphate 
10 
overcomes the p r i n c i p a l d i f f i c u l t i e s i n the u s e of po tass ium 
pennanganate as oxidant owing t o i t s more r a p i d a c t i o n . 
Although the knowledge of mechanism of manganic o x i d a t i o n of 
organic compounds i s only fragmentary, ye t as a r e s u l t of 
p i o n e e r i n g work of W.A. Wa t e r s and C.P. Wel l s , the mechanism 
of some of the r e a c t i o n i s f a i r l y we l l unde r s tood . A review 
on the manganic o x i d a t i o n of v a r i o u s f u n c t i o n a l groups i s 
given below. 
23 
W.A. Waters and A.Y.Diummond have e x t e n s i v e l y s t u d i e d 
the ox ida t ion p r o p e r t y of manganic compounds. The i r f i r s t 
a t tempt wi th t h i s reagent gave c e r t a i n s e l e c t i v e c h a r a c t e r i s t i c s 
24 
of manganic i o n . I n t h e i r op in ion the manganic pyrophosphate 
a t t a c k s the organic r e d u c t a n t s i n a way a s one would expect 
from a reagent wi th o x i d a t i o n r e d u c t i o n p o t e n t i a l of 1.15 v o l t s 
and i t i s found to be l e s s v igo rous than manganic su lpha t e 
because the l a t t e r has much h i g h e r p o t e n t i a l (1 .51 v o l t s ) . 
Manganic ox ida t ion of o rganic compounds i s q u i t e s p e c i f i c , 
m a l e i c , fumaric and cinnamic a c i d s are no t o x i d i z e d e i t h e r 
by cold manganic su lpha t e or by manganic hydrophosphate a t 
50 C, I n c o n t r a s t , t he se s u b s t r a t e s a re a t once a t t a c k e d by 
permanganate i o n . I t i s presumed t h a t a l c o h o l s a re not 
?5 
ox id i zed by manganic c a t i o n as such and i n t h i s r e s p e c t 
4+ 3+- ?6 
manganic c a t i o n s resemble Ce bu t no t Go . The o x i d a t i o n 
of 1 I 2 -g lyco l s and g l y c o l l i c ac id sugges t s t he involvement 
of some c y c l i c i n t e i m e d i a t e s . Malonic and o x a l i c a c i d s , a r e 
a l so unders tood to be ox id ized by way of c y c l i c i n t e r m e d i a t e s . 
11 
Poimaldehyde, formic a c i d and c h l o r a l a r e s lowly a t t a c k e d 
by manganic s u l p h a t e , whereas manganic pyrophosphate does n o t 
ox id ize them a t a l l , Howerer, o t h e r a ldehydes and p a r t i c u l a r l y 
those which can undergo e n o l i s a t i o n a re e a s i l y ox id ized by 
manganic compounds. Since o l e f i n s a re not ox id ized by managanic 
compounds i t does not sound reasonab le to a s s i g n the o x i d i e a b i l i t , 
of the e n d form to the ease of e l e c t r o n r e l e a s e from C is- C 
bond, 
+ + + 
R.CH .CHO + H >' RCH .^CH ', OH ^ ^ ° ^ ^  RCH:GH0H+ H 
I t i s found t h a t t he se r e a c t i o n s a re independent of t h e 
c o n c e n t r a t i o n of manganic i o n . Therefore , t h i s l e a d s t o t h e 
conc lus ion t h a t r a t e of e n o l i s a t i o n i s the r a t e of r e a c t i o n . 
S i m i l a r i s the case wi th permanganate o x i d a t i o n of acetophenone. 
With acetophenone and phenyl ace ta ldehyde a h igh i n i t i a l 
o x i d a t i o n r a t e i s found, which f a l l s off r a p i d l y to g ive an 
almost l i n e a r curve , Ihen the permanganate c o n c e n t r a t i o n 
alone i s v a r i e d , the l i n e a r p o r t i o n s of the curves become 
almost p a r a l l e l , sugges t ing t h a t the o x i d a t i o n e v e n t u a l l y 
becomes c o n t r o l l e d l a r g e l y by the r a t e of some i n t e r n a l 
rearrangement , such as e n o l i s a t i o n of the organic s u b s t r a t e , 
28 The r e a c t i o n sequence i s» 
K 
Ph.CQ.CH„ ^ -^  ^ Ph C (OH) : CH„ 
k 
Ph,CO.CHg+ KMnO^ —2—> o x i d a t i o n p r o d u c t s 
Ph.C(OH): CH2+ KMnO^ ^—> o x i d a t i o n p r o d u c t s 
12 
if i t is assumed that k„ > k, > k - the ra te of the reac t ion 
i n the beginning i s given hy, 
kg[Ph.CO.CHJ + kjj [ph.C(OH):CHgl > [KMnO j^ 
However, as the react ion proceeds, the enolform wi l l be 
reduced u n t i l ( l) becomes cont ro l l ing with respect to (5) , 
thus giving the ra te expression .* 
kg rPh.CO.CHj fKMnO^ j + kj^  [ph.CO.GH^ 
as k-i > k - the f i r s t par t contr ibuted much l e s s to the r a t e 
than the second par t and consequently reac t ion exh ib i t s a 
zero order dependence on permanganate, 
29 
G. Davies i n 1965, studied the equilibrium between 
Mn aq (Hexa aquomanganese ion) and MnOH^ "*"aq (Hydroxopenta-
aquamanganese ion) in de ta i l and h i s l a t e r i nves t i ga t i ons 
suggested aquomangane se ( I I I ) ca t ion Mn aq as a strong acid 
i n aqueous perchlora te media, with 
Mn^ aq ~ ^ Mn OH '^^ aq + H"*"aq K^ 
Kj^  = 0.93 M a t 25° and ion ic s t rength 1-4 M . ^ C.P.Wells^-'-""^^ 
e ta l studied the k i n e t i c s of oxidation of var ious alcohols 
with aquomanganese ( I I I ) ions i n aqueous perch lora te media . 
The react ion of Mn(III) with alcohols i n aqueous perch lora te 
media are f i r s t order i n [Mn(III)J and f i r s t order i n [ a l coho l ! , 
13 
and one moleciile of ketone i s formed f o r every two jyin(lll) 
consumed. The r a t e de te imin ing s t ep i s the a t t a c k of the 
hexa aquomanganese ( I I I ) i o n on the unpro tona ted a l c o h o l . 
I n the case of methanol o x i d a t i o n the observed second o r d e r 
r a t e cons tan t v a r i e s w i t h both[HC10 . J and [Mn^"^ J . As 
JS/in(iII) - Methanol complexes have been d e t e c t e d s p e c t r o p h o t o -
me t r i e a l l y , i t i s suggested t h a t the o x i d a t i o n i s an i n n e r 
sphere r e a c t i o n with[jVln'^CHgOHaqJ and [ Mn^CH Oaq J << 
[ivm aq J and [jyinOH '^^ 'aq J . Various mechanisms to account 
P+ 
f o r the r e t a r d i n g in f luence of kn i o n s have been pu t foiward 
?+ 
and i t i s concluded t h a t the wm i o n , the 'CH OH r a d i c a l and 
H aq i o n s are formed i n i t i a l l y i n a so lven t cage w i t h the 
r a t e of the back r e a c t i o n i n c r e a s e d by a d d i t i o n a l 
?+ 
hn i o n s p r e s e n t i n the wa l l of the so lven t cage. 
XT 
Mn^GH OHaq ^ > Mn "^^  CH„OH + H"*'aq 
'3 ^^ V H (C) 
,^i,. 
Mn^ "^  + • CH OH 
Mn^ CH Oaq ^" '^ Mn^ "^  CH OH > Mn^ "*" + * GH OH 
^ b ' ( C ) 
K^ and K^, w i l l be p r o p o r t i o n a l to the mole f r a c t i o n of 
Mn^ which i s r e l a t e d t o the number of IVin^ '^  i o n s i n the 
cage wal l i . e . , K""^ f o r 2lVln(lII) ^ MnClI) + iVin(lv) w i l l 
1 4 
not be proporational to [MBL^J but w i l l probably tend t o a 
l imi t ing value a t high [Mn J as found i n t h e i r i nves t i ga t i on . 
34 Michael J . S . Dswar e t a l s tudied the oxidation of 
p-methoxytoluene (PMT) by manganic ace ta te i n ace t ic acid 
medium. They have suggested tha t the oxidation involves an 
i n i t i a l revers ib le e lec t ron t r a n s f e r , y ie lding the ion 
radical (PMT)'*' • t h i s then l o s e s a proton i n a slow r a t e 
determining step to foim a rad ica l which then undergoes 
rapid oxidation to p-methoxybenzyl a ce t a t e . The most s a l i e n t 
point about the react ion i s the inverse dependence of the 
?+ 
r a t e on the c o n c e n t r a t i o n of Mn , which they have exp l a ined 
by assuming t h e convers ion of Mn(III ) i n t o Mn(II) i n a 
r e v e r s i b l e s tep p receed ing the r a t e de te rmin ing s t e p . They 
have d i s r ega rded the r e v e r s i b l e s tep a s b e i n g t h e 
d i s p r o p o r t i o n a t i o n of Mn(lI I ) to Mn(II) and Mn(lV"), a s 
p o s t u l a t e d by Rosseinsky, 
2 Mn^ 
Mn^ + PMT 
—^ Mn^ "*" + Mn'*^ 
> Product 
I n s t e a d , they have proposed a r e v e r s i b l e r e a c t i o n between 
PMT and Mn(III) to foim an i n t e i m e d i a t e , which i s then 
conver ted t o the p r o d u c t s i n a slow r a t e de te rmin ing s tep i n 
which n e i t h e r Mn(l I I ) n o r Mn(II) i s i n v o l v e d . 
The s e l e c t i v e o x i d a t i o n of I t 2 g l y c o l s by manganic 
15 
pyrophospliate i n v o l v e s one e l e c t r o n t r a n s f e r and p roceeds 
w i t h the l i b e r a t i o n of f r ee r a d i c a l s from o rgan ic s u b s t r a t e . 
S imi l a r o b s e r v a t i o n s have been recorded f o r the o x i d a t i o n of 
36 p lnaco l by manganic pyrophospha te . The p resence of f r e e 
r a d i c a l h a s been marked by the format ion of p o l y m e r i s a t i o n 
p roduc t s by the a d d i t i o n of v i n y l c y a n i d e . Since t h e 
l i b e r a t i o n of f ree r a d i c a l demands o n e - e l e c t r o n change, t h e 
34-
o x i d i z i n g s p e c i e s has been proposed as Mn c a t i o n , a s such. 
The f r ee r a d i c a l , i f formed a t a l l , need not be 
r e v e r s i b l e always. For example the o x i d a t i o n of malonic 
ac id appears to proceed through a f r ee r a d i c a l gene ra t ed by 
a rap id and r e v e r s i b l e s tep I 
Mn"^ + CH (COOH) .^ > Mn^ "*" + H"*" + •CH(GOOH) 
The r e v e r s i b i l i t y of the above r e a c t i o n i s i n f u l l accord 
w i t h exper imenta l f a c t s . Oxida t ion i s very much a c c e l e r a t e d 
by the a d d i t i o n of v i n y l cyan ide , which i s supposed to 
remove the f ree r a d i c a l as i n s o l u b l e polymer. 
r + CHg : CH.CN > R.GHg.CH.CN* 
and consequent ly s h i f t s the above e q u i l i b r i u m towards r i g h t 
and, t h e r e f o r e , t he r a t e of d i sappearance of manganic 
compound i s enhanced. Secondly, the o x i d i z i n g m i i t u r e i s 
proved to con t a in a new p o t e n t o x i d i z i n g s p e c i e s which i s 
capable of ox id i ze monohydric a l c o h o l s , which a re known t o be 
u 
una f f ec t ed by d i r e c t a c t i o n of manganic pyrophospl iate . 
Addi t ion of small quan t i t y of a lco l io l s a c c e l e r a t e s the 
d isappearance of manganic i o n ve ry a p p r e c i a b l y , Ti ierefore , 
i t appears t h a t f ree r a d i c a l s genera ted from malonic ac id 
a re i n a r a p i d and r e v e r s i b l e e q u i l i b r i u m wit l i manganic 
i o n . However, the ox ida t i on of t a r t a r i c ac id and male ic 
ac id g ives p o s i t i v e t e s t f o r f r ee r a d i c a l s b u t the c o n d i t i o n 
of r e v e r s i b i l i t y i s not found. I t d i s a g r e e s wi th the k i n e t i c s 
of o x i d a t i o n of malonic ac id i n t h a t the a d d i t i o n of v i n y l 
cyanide dec reases the r a t e of d i sappearance of manganic i o n 
i n s t e a d of i n c r e a s i n g . And, secondly , the f r e e r a d i c a l s 
formed have reducing and not the o x i d i z i n g p r o p e r t i e s . I n 
such c a s e s , the a u t h o r s a re of t h e op in ion t h a t the f i r s t 
s t ep i n v o l v e s a r e v e r s i b l e fo imat ion of a c h e l a t e d manganic 
complex, and then t h i s complex slowly b r e a k s down to g ive 
f r ee r a d i c a l and the o x i d a t i o n of s u b s t r a t e p roceeds 
consequen t ly . I n f a c t , wi th t a r t a r i c a c i d , an i n t e r m e d i a t e 
change of co lou r , v i z . , from pink to brown, i s observed. 
A s i m i l a r mechanism has been proposed f o r p i n a c o l o x i d a t i o n . 
COOH r ^ 3 - TCO— 0 -^2-
*- H 
3^ - 3+ 
Mn Mn 
p < H.COS <• 
^1 
2^7 
slow 
2 -
j ^ ^ CHR. OH + GOg + /MnCHgPgO^) 
2 
1 7 
The product P , f o r mal ic a c i d i s 
HO C. Ce .GHO •> HO C.GH(OH).CHO •> 2C0g + HCOUH 
and f o r t a r t a r i c a c id , 
MO C CH(OH).CHO •> HO.CH(COOH) -> 2C0g + HCOOH 
and fo r the o x i d a t i o n of p i n c o l , the complex i s assumed t o 
break: as 
Me„ G —J^n^ 
Me C 0 
/ 
\ 
0 
/ 
H / 
PO. OH 
/ 
P. 0. 0 
H 
Me„0 =0 2 
Me C-OH 
11 
Mn (HgPgO^) 
I n a l l the above c a s e s , the i n i t i a l r a t e of o x i d a t i o n 
corresponds to the form g iven below ! 
2 -
- d [ Mn-^ -'--^ J / d t fcj_ [to-^-'-^J 
\^fiA 
K ("sub s t r a t el 
+1 
where k i s the specif ic constant for the decomposition of 
complex and K i s the equilibriximi constant through which the 
complex i s formed. The above equation has been ve r i f i ed by 
the p lo t of the reciprocal of i n i t i a l ra te against the 
reciprocal of the concentration of the subs t r a t e . 
On the other hand oxidation which involves the revers ib le 
equilibrium giving r i s e to free r ad i ca l s l eads to the ra te 
expression, 
18 
[MH ] [ (substrate 
whre fc's a re d i f f e r e n t r a t e c o n s t a n t s . Such r e a c t i o n s a re 
c h a r a c t e r i s e d by the a c c e l e r a t i n g e f f e c t of oxygen on the 
r e a c t i o n r a t e . As has been c l e a r l y demonstrated i n the 
39 
o x i d a t i o n of malonic ac id and a l l y l a l c o h o l . The 
a c c e l e r a t i n g e f f e c t of oxygen i s supposed to a r i s e from 
format ion of a hydroperoxide which has been d e t e c t e d and i t 
i s assumed t h a t hydroperoxide i s capable of reduc ing Mn 
2+ 
as we l l as o x i d i z i n g to Mn , i . e . , 
3+ 2+ 
RO H + 2 Mn + HO = ROH + 2 Mn + 2 H"^  
2+ 3+ 
RO H + 2 Mn + 2 H"*" = ROH + 2 Mn + HO 
Such r e a c t i o n s have been d e s c r i b e d by Kharasch. " These 
• 
equa t ions a l s o e x p l a i n why oxygen, which would y i e l d RO 
3+ *^  
r a d i c a l s , enhances the r a t e of r e d u c t i o n of Mn . S i m i l a r l y , 
from Sialonie ac id the hydroperoxide may be formed from the 
fo l lowing r e a c t i o n . 
Og + -CH (COgH)g > •O.O.CH(COgH)g 
I t i s impor tan t to make a ment ion of the f a c t t h a t o x i d a t i o n 
mechanism of malonic ac id by manganic pyrophosphate appears 
to undergo a complete change i n the p re sence of oxygen. I t 
i s noted t h a t formic ac id i s the end produc t of malonic 
ac id but some t imes i n the p re sence of oxygen formic a c i d 
19 
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coiLLd not be d e t e c t e d as the end p r o d u c t . I t h a s "been 
po st i l l a t e d t h a t the r e a c t i o n sequence 
malonic ac id > t a r t a r i c a c i d > gLyoxylic a c i d 
formic acid+ CO 
changes i n the p resence of oxygen and p r o c e s s p roceeds 
through the format ion of oxa l i c a c i d which i s known to he 
ox id ized by manganic pyrophosphate d i r e c t l y i n t o carbondioxide 
wi thou t g iv ing formic ac id . 
CO_H CO.H CO_H 
' v^<.+ ' ^'^ist I '^ 
H— C — 0 . 0 ' - ^ ^ > H C u.UH TTT> H C - O.OH 
OC- 0—H 
-COg ^ - . — , , ^ I I I 
CO^H r - l CO^H r- CO^H 
I H 0 I , I I 0 
H C O.OH ^ > H-{- C — 0 -1-OH > CO„H > 2C0„+H 0 
+ I < 2 2 2 
L^=L J 
Although the o x i d a t i o n by manganic compounds u s u a l l y 
proceeds through the format ion of r e v e r s i b l e complex ; t h e r e 
are cases l i k e the o x i d a t i o n of a l l y l a l coho l which do no t 
f a l l i n t h i s l i n e and they follow the e q u a t i o n 
. ^Un J ^ ^^ ^^ ^^  [Mn"^J [c^ HgOHJ [H+J 
dt 
The i n i t i a l r e a c t i o n appears t o i nvo lve one e l e c t r o n 
a b s t r a c t i o n from a l l y l a l c o h o l . However, even t h i s r e a c t i o n 
e x h i b i t s c e r t a i n c h a r a c t e r i s t i c s which i n d i c a t e t h e p re sence 
of f ree r a d i c a l a t low c o n c e n t r a t i o n s . 
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A comparative study of the oxidation of malonic acid 
"by manganic pyrophospiiate and manganic sxilpiiate shows 
tha t there i s hardly any difference i n the nature of the 
two reagents, but manganic sulphate react ion being 400 times 
f a s t e r than tha t of manganic pyrophosphate. Tanadium 
sulphate which rapidly oxidizes organic compounds such as 
aldehyde, hydroxy acids and ketones - i s slow i n the 
oxidation of malonic acid. Perhaps, the difference l i e s i n 
the fact that manganic compounds are capable of producing 
free r ad ica l s from malonic acid while vanadium sulphate i s 
4*^5 
unable. "^  The oxidation of cyclohexanol has shown tha t 
Hg(II) and T l ( I I I ) are powerful 2-e lect ron oxidants and 
manganic sulphate i s a 1-electron oxidant. Each react ion i s 
f i r s t order with respect to a l l respect ive oxidants and i s 
independent of acid content i n cage of Mn(IH)and Hg(ll) 
reac t ions . The react ion has been found to proceed by the 
formation of revers ib le complex. I t i s observed that 
peimanganate ion resembles c losely with Hg(II) and Hg(III) 
ions and as well as with Co(I I I ) , i nd i ca t ing tha t permanganate 
can eas i ly behave in both ways. On the other hand manganic 
sulphate f a l l s i n the c l a s s of one-electron oxidant, such as , 
Co(III) and Vanadium. 
The oxidation of foimic acid by manganic ion i s a complex 
one being f i r s t order with respect to manganic i n i n i t i a l 
stages and a t high concentrat ion of manganic ion i t shows a 
t h i r d order k i n e t i c s . I t i s poss ib le , therefore , that the 
21 
r e a c t i o n which, i n i t i a l l y i n v o l v e s the breakdown of the 
manganese formic ac id complex a t h igh c o n c e n t r a t i o n of 
Mn(lI I ) i s dominated hy the r e a c t i o n i n v o l v i n g an a t t a c k hy 
Mn(IV) on a manganese ( I I I ) formate complex, e . g . , HCO Mn , 
o r a t t a c k by Mn(II) on manganese(IV) formate complex. The 
argument i s plagued by the s e r i o u s drawback t h a t i t r e q u i r e s 
e l e c t r o n movement from a s t r o n g l y e l e c t r o p o s i t i v e manganese 
atom. I t i s not c l e a r whether the o x i d a t i o n i n v o l v e s one-
44 
e l e c t r o n o r p a i r e d e l e c t r o n s h i f t s i n t h i s c a s e . 
Except the o x i d a t i o n of cyclohexanone, a lmost a l l 
o x i d a t i o n s by manganic compounds show a r e t a r d i n g e f f e c t of 
45 
manganous ion , Rosseinsky has found t h a t the o x i d a t i o n 
of mercurous i o n by manganese ( I I I ) su lpha te fo l lows the equa t i on 
d t *- ^ •' '^ J <- J 
and h a s expla ined the r e t a r d a t i o n e f f e c t of manganous i on 
by equ i l i b r ium, 
2 Mn ^ M n ^ + Mn 
assuming t h a t the o x i d a t i o n of Hg(l) p roceeds by an a t t a c k 
of Mn(I\r). The r e t a r d a t i o n e f f e c t can a l s o be exp la ined i n 
t e ims of equil ibrixua (a) given below and t h i s h a s been 
v e r i f i e d i n the ox ida t i on of malonic ac id 
s u b s t r a t e + Mn '^  (complex o r r a d i c a l ) + Mn - (a) 
complex + Mn-"^ -^ -^  > Product + Mn^ "*- - (b) 
(a*) 
I I ( b ' ) 
(c) 
However, equa t ion of these t y p e s do not i n d i c a t e how the 
r e t a r d i n g e f f e c t of manganese ( I I ) can reach a l i m i t i n g 
va lue as h a s been found i n the o x i d a t i o n of cyc lohexano l , 
founic a c i d , malonic ac id and a l l y l a l c o h o l . One p o s s i b i l i t y 
i s t h a t the i n i t i a l r a d i c a l i s removed p a r t l y by backward 
r e a c t i o n of equ i l i h r ium a and r e a c t i o n b and p a r t l y by t h e 
i n t e r a c t i o n of two r a d i c a l s among themse lves . 
C„H_ OH + Mn-^ -^ -'- ^ B* + Mn-^ ""-
3 5 .,,; 
R* + m^^^ > Product-I + filn 
gg» > Product- II 
The reversibility of equilibrium (a*) would cause manganous 
ion to depress the ini t ia l reaction velocity but at high 
Mn(lII) concentration sufficient radical concentration wotild 
be built up to allww reaction (c*) to overcome (b*), the 
forward reaction of equilibrium (a') will become the rate 
determining step. Though equations (a') and (c') give a 
rate expression in agreement with the observed rate dependence 
on Mn(iii) but they do not indicate strict first order 
dependence on allyl alcohol at low Mn(lII) concentration. 
But, unfortunately the reaction of allyl alcohol will 
manganic pyrophosphate i s too slow to be tested at lower 
c one entrati on. 
The retardation by added cations of lower valency of 
one-electron oxidations by Mn(lII) has been a special feature 
of manganic oxidations. For other oxidants such as V^ anadium(V^ ), 
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Cobalt ( I I I ) and Gerium(lV) no sucti obseirvation has been 
reported. The presence of Mn(lV) has been frequently 
mentioned i n aqueous solut ion of Mn(lII) i n high ac id i t y . 
Manganese (IV) ions are associated with high redox po t en t i a l 
and consequently a small addi t ion of manganous ion should 
effect ively eliminate any oxidation of the organic subs t ra te 
by manganese ( l \ 0 . The two e l ec t ron - t r ans f e r scheme of 
46 Merz, Stafford and Waters i s thought as appropriate for 
manganic oxidation of alcohols as i t i s for the oxidation 
of alcohols by chromic acid, i t appears to be un jus t i f i ed 
to assume that Mn(I\^) should always behave as a two e lec t ron 
oxidant and therefore the above explanation of the r e t a rda t ion 
effect of manganous ion should be taken as a specif ic case . 
The presented review of the l i t e r a t u r e reveals t ha t 
the role of Mn(II) i n Mn(III) oxidation i s very complicated 
and has s t i l l not been c lear ly understood. Thus to have a 
b e t t e r understanding of the reaction* the oxidation of four 
simple amino ac ids , v i z . , glycine, DL-a-alanine and DL-iso 
and Normal-Valine have been studied i n de t a i l i n low as well 
as in high concentration of Mn( i l ) . 
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Mate r i a l si Manganic su lpha te was p repa red by Ubbelohde ' s methoji 
a s descr ibed below. 
To 50ml s o l u t i o n of manganous su lpha te (15 .1 gm. of MnSO . i n 
1 l i t r e 6N H SO ) , l2ml of 0 . 5 potass ium permanganate was added 
dropwise. The s o l u t i o n was kept i n an i c e ba th and was c o n s t a n t l y 
s t i r r e d by an e l e c t r i c s t i r r e r . After each -toil a d d i t i o n of 
0.5i^ KninO^, pml of concen t r a t ed su lphu r i c a c i d was added g e n t l y . 
The p r e c a u t i o n s a re necessary otherwise a brown co loured p r e c i p i t a t e 
of h ighe r oxides of manganese beg ins to form. Manganic su lpha te 
so obta ined was s t o r ed i n a co loured b o t t l e and n l aced i n a 
r e f r i g e r a t o r a t 5 C, I t was s t a n d a r d i s e d a g a i n s t a s t andard 
s o l u t i o n of f e r r o u s ammonium su lpha te j u s t be fo r e u s e . 
All o t h e r s o l u t i o n s were p repared by weighing, and the chemica ls 
used were of a n a l y t i c a l g rade . 
P re l imina ry exper iments showed t h a t manganic su lpha te h a s the 
maximum absorbance a t 510 m u , I t was a l s o v e r i f i e d t h a t v a r i a t i o n 
i n acid content from 2ivi t o 5M n e i t h e r changed the o p t i c a l d e n s i t y 
n o r s h i f t e d the p o s i t i o n of maximum absorbance . Therefore , 
s tandard s o l u t i o n of manganic su lpha te were p r e p a r e d by t i t r a t i n g 
a g a i n s t s tandard s o l u t i o n of f e r r o u s ammonium s u l p h a t e . The 
o p t i c a l dens i ty of these s o l u t i o n s were determined a t 510 mu by 
Bausch and Lomb spec t ron i c -20 and c a l i b r a t i o n curve was drawn 
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between c o n c e n t r a t i o n and absorbance . 
Rate measurements'. The r e a c t i o n was i n i t i a t e d by mixing t h e 
r e a c t a n t s o l u t i o n s wMch were p r e v i o u s l y brought to thermal 
equ i l ib r ium i n a thermos ta ted p a r a f f i n o i l b a t h main ta ined a t 
r e q u i r e d tempera ture . Manganic su lpha te was mixed by p i p e t t i n g 
i n t o the r e a c t i o n flasK: c o n t a i n i n g amino ac id a t the r e q u i r e d 
i o n i c s t r e n g t h and a c i d i t y (manipulated by adding H SO . and 
WaHSO.). The K i n e t i c s was followed by e s t i m a t i n g the r a t e of 
d isappearance of Mn(III) s p e c t r o p h o t o m e t r i c a l l y . A known volume 
of r a a c t i o n mixture was p i p e t t e d i n t o a known volume of n e a r l y 
31Vi i c e co ld H SO . Opt ica l d e n s i t y of the s o l u t i o n was measured 
a t 510 m wi th Bausch and Lomb spec t ronic-gO and c o n c e n t r a t i o n 
of iVin(III) was d i r e c t l y read from the c a l i b r a t i o n curve . I n most 
of the cases , the r e a c t i o n was followed to we l l over 85 / o of i t s 
complet ion. All the r a t e measurement^ de sc r ibed he re were made 
a t 50 C u n l e s s otherwise s t a t e d . 
I n the p r e s e n t i n v e s t i g a t i o n i t was observed t h a t t he 
o x i d a t i o n of four simple amino a c i d s , v i z . , g l y c i n e , DL-a-a lanine 
and DL-iso and normal v a l i n e , the i n c r e a s e i n i n i t i a l IVin(lI) 
c o n c e n t r a t i o n changes the o rde r from p s e u d o - f i r s t to pseudo-second 
w i th r e s p e c t to Mn(III) c o n c e n t r a t i o n . Therefore , the o x i d a t i o n 
of each amino ac id was c a r r i e d out i n low and h igh c o n c e n t r a t i o n 
of Mn(Ii) i n the r e a c t i o n mix ture and r e s u l t s a re r e p o r t e d 
s e p a r a t e l y i n two s e c t i o n s a and b . I t may be p o i n t e d out t h a t 
i n s o l u t i o n s of lower a c i d i t y (bel.ow 1.5M H SO .) MnO_ p r e c i p i t a t e 
2 4 2 
i s formed. Thus ox ida t i on s t u d i e s were c a r r i e d out i n p re sence 
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of high concentration of H SO . The reac t ion i s too slow for 
measurement i n mixtures where Mn(III) i s e i t h e r comparable or 
i n excess over the concentration of amino acid. However, when 
amino acid was in excesG, the react ion ra te was reasonably f a s t . 
Hence, in a l l my inves t iga t ions reported here , amino acid was 
kept well i n excess. 
I den t i f i ca t i on of the intermediates and Products 
1 . Oxidation of glycine. In case of glycine, glyoxylic acid 
and formaldephyde were detected by preparing t h e i r 2 ,4 -d in i t ro -
phenylhydrazone de r iva t i e s . An equal volume of 2 ,4-dini t rophenyl-
hydrazine solut ion (0.1 /o solut ion of 2,4-dinitrophenylhydrazine 
i n 21VI hydrochloric acid) was added to the reac t ion mixture 
(containing 20ml of 0.4M glycine + 20ml of ISl.OxlO"^ M Mn (SO ) 
+ 10ml of 9.0 MH SO .) , i t was kept on a water bath for few minutes 
and cooled. The sol id obtained was f i l t e r e d , dissolved i n 
alcohol and c r y s t a l l i s e d . I t s melting point was 167 (Reported 
m.p of 2,4~dinitrophenylhydrazone der ivat ive of formaldehyde i s 
166 C). From the f i l t r a t e 2,4-dinitrophenylhydrazone der ivat ive 
of glyoxylic acid (soluble in water) was separated and i d e n t i f i e d 
48 by the method of Priedmann and Haugen. The, 2,4-dinitrophenyl 
hydrazone of glyoxylic acid was extracted f i r s t with ethyl aceta te 
and then with 10 /o aqueous NagCO solut ion, which on adding 
2. 5N potassium hydroxide turned red. For glyoxylic acid the 
maximum absoiTJtion occured at 450 m u. which was i den t i ca l with 
that of an authent ic solut ion. CO and NH were detected with 
the help of lime water and Ness l e r ' s reagent respec t ive ly . 
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2. Oxidation of PL-rr-alanine. In the case of DL-a-alanine, 
acetaldephyde was detected by preparing i t s 2,4-dini trophenyl 
hydrazone derivat ive as described above. I t s melt ing point was 
168 (ReiDorted m.p of 2,4-dinitrophenylhydrazone der ivat ive i s 
168.5 C) . Acetic acid was detected by Lanthanum chlor ide spot 
49 » t e s t . A drop of the reac t ion mixture was mixed on a spot 
o 
p l a t e with a drop of a 5 /o solut ion of Lanthanum n i t r a t e and 
a drop of O.OIN iodine solut ion. A drop of IN NH was added, 
and i n a few minutes a blue to blue-brown r ing developed around 
the drop of ammonia. CO and NH were detected as above. 
3. Oxidation of DL-iso and normal-valine. In the case of both 
DL-iso and noimal-valine, ace t i c acid was detected by Lanthanum 
chloride spot t e s t as described above. 00 and NH were also 
detected by t h e i r usual t e s t s . 
In the oxidation of a l l the amino acids studied here , the 
presence of free radical was ind ica ted by p r e c i p i t a t i o n of 
a c r y l o n l t r i l e , when i t was added to the reac t ion mixture. 
However, no p rec ip i t a t i on occurred when a c r y l o n l t r i l e was added 
i n a solut ion of manganic sulphate. 
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(a) UXXDATIOE Oi?' GLYCINE vviBi iViMGANIC SULPHATE IN 
PRESENCE Oif' L0« GUNCENTRATiUN (BELOW U.UliVi) UJJ' 
ffiANGANOUS SULPHATE. 
T r i a l and e r r o r p l o t s of r a t e d a t a , f o r r u n s w i t h e x c e s s 
amino a c i d , i n d i c a t e d t h a t t h e r e a c t i o n was f i r s t o r d e r i n 
M n ( i i l ) . Log [ iv in( i l l ) J v e r s u s t i m e p l o t was a s t r a i g h t l i n e 
and i t s s l o p e y i e l d e d k -, . The r a t e c o n s t a n t s a r e found 
t o be i n d e p e n d e n t of t h e c o n c e n t r a t i o n of M n ( l I I ) . The r e s u l t s 
a r e summarised i n t a h l e 1 . 
T a b l e - 1 • 
Dependence of r a t e c o n s t a n t on t h e c o n c e n t r a t i o n of M n ( l I I ) 
s u l p h a t e 
G lyc ine= 0.2M; H S0^= 3.37M. lVin(II)= 0.008M. 
Time 
(min) 
U 
5 
10 
1 5 
20 
25 
30 
35 
40 
45 
50 
R a t e c o n s t a n t 
(min"^) 
J)ig. 
Curve 
1 
1 N o . 
1 2 7 . 0 
1 2 7 . 0 
8 5 . 0 
7 5 . 9 
-
3 9 . 8 
3 0 . 8 
28.6 
20 .9 
1 9 . 2 
1 5 . 2 
1 3 . 8 
1 7 . 9 4xL0~^ 
1 
Mn^C 3 0 4 ) 3 
MxlO'^ 
113 .0 
1 1 3 . 0 
8 1 . 3 
6 0 . 3 
4 6 . 8 
3 9 . 9 
3 3 . 9 
2 5 . 2 
20 .0 
1 5 . 9 
1 3 . 8 
1 2 . 3 
is.iosio"^ 
S 
9 5 . 0 
9 5 . 0 
6 5 . 2 
5 2 . 2 
3 9 . 8 
3 4 . 2 
2 6 . 0 
2 2 . 8 
1 5 . 9 
-
1 2 . 6 
1 2 . 3 
17.00x10""^ 
3 
7 9 . 0 
7 9 . 0 
6 0 . 0 
4 8 . 0 
35 .6 
30 .6 
24 .0 
1 8 . 5 
1 3 . 0 
-
9 . 1 
6 . 9 
16.29x10""^ 
4 
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2+ 
I n f l u e n c e of Manganous gu lph ta t e : I t was found t h a t Mn 
does n o t e f f e c t t h e r a t e c o n s t a n t when v a r i e d u p t o 0 . 0 iM. 
The v a l u e s a r e r e p o r t e d i n t a b l e 2-
T a b l e - 2 
The dependence of r a t e c o n s t a n t on t he i n i t i a l c o n c e n t r a t i o n 
of M n ( i l ) . 
Glycine=0.2lVi. M n ( l I I ) = 53.0xlo '^M;HgSO^= 3.36 M. 
ivmSO 0 . 0 0 2lVi 0.004iVi o.ooeivi 0 . 0 0 8 M O.OIM 
iv in ( i i i ) 
MxlO^ Time iminl. 
iv in( l i i ) 
iVixlo'^ 
iv in( i i i ) 
MxlO^ 
iv in( l i i ) 
MxlO^ 
iVin(iii) 
MxlO'^ 
0 
5 
10 
1 5 
20 
25 
30 
35 
53 .0 
44 .0 
32 .0 
24.6 
1 9 . 0 
1 5 . 4 
1 2 . 6 
1 0 . 6 
5 3 . 0 
-
32 .0 
-
1 9 . 6 
1 7 . 0 
1 4 . 0 
1 0 . 8 
5 3 . 0 
-
3 3 . 8 
-
2 0 . 8 
1 8 . 0 
1 4 . 0 
1 2 . 0 
5 3 . 0 
4 4 . 0 
3 5 . 4 
30 .0 
2 1 . 8 
1 8 . 0 
1 4 . 0 
1 2 . 0 
5 3 . 0 
4 5 . 4 
36 .6 
32 .6 
2 3 . 0 
2 0 . 8 
1 4 , 4 
1 2 . 0 
Rate c o n s t a n t 
(min"^) 1 8 . 0 6 x 1 0 
- 3 1 8 . 6 6 x 1 0 - 3 1 9 . 5 0 x 1 0 - 3 1 8 . 7 3 x 1 0 " ^ 18.70x10""^ 
i ' i g. 2 
Curve No. 
Dependence of Glyc ine^ The o r d e r w i t h r e s p e c t t o g l y c i n e 
was o b t a i n e d by v a r y i n g i t s c o n c e n t r a t i o n and k e e p i n g t h e 
o t h e r v a r i a b l e s c o n s t a n t . The o b s e r v e d p s e u d o - f i r s t o r d e r 
r a t e c o n s t a n t s d i v i d e d by t h e ^ y c i n e c o n c e n t r a t i o n gave 
a c o n s t a n t v a l u e . T h i s shows t h a t t h e o r d e r i s one w i t h 
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respect to glycine concentration. The results are presented 
in table 3 and 3B. 
Table-5 
Dependence of r a t e c o n s t a n t on t h e c o n c e n t r a t i o n 
of g l y c i n e 
H SO =3.18M. M n ( l I I ) = 55.Oxl0' 'Si.Mn(iI)=O.OU8iVi 
G l y c i n e 0 .167 0.145M 0.125IV1 0.105M O.OSSIVi 
Time 
(min) 
ffin(lii) M n ( l I I ) 
iVixlO MxlO 
m n ( l l i ) 
JVixLO'^  
iVin(III) Time M n ( I I I ) 
MxlO* ^^^^) mxlO* 
0 
5 
10 
1 5 
20 
25 
30 
35 
40 
45 
50 
55 
5 5 . 0 
4 8 . 0 
4 2 . 8 
38 .1 
33 .7 
3 0 . 2 
26 .7 
2 4 . 1 
2 2 , 3 
1 9 . 7 
1 7 . 9 
~ 
55 .0 
4 8 . 5 
4 4 . 0 
3 9 . 3 
3 5 . 4 
3 1 . 9 
28 .9 
2 6 . 4 
24 .6 
21 .7 
1 9 . 7 
1 7 . 8 
55 .0 
4 8 . 8 
4 4 . 8 
4 0 . 9 
36 .9 
3 3 . 5 
3 0 . 5 
2 8 . 4 
2 5 . 5 
2 3 . 3 
a.o 
-
55.0 
49.7 
45 .4 
42.2 
38.6 
35.5 
33.2 
30.6 
27.9 
26.5 
24 ,3 
-
0 
10 
20 
30 
40 
50 
60 
70 
80 
55.0 
4 7 . 3 
39.9 
35.5 
30,9 
27 .4 
23 .5 
21 .2 
18 .0 
Rate cons tan t 
(min"-'-) 
i ' ig . 3(A) 
Curve No, 
9.98x10 - 3 8.86x10 - 3 8.16x10 - 3 7.10x10 - 3 5.98x10 , -3 
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Table-3B 
ffirst order dependence on the concentrat ion 
of glycine 
H SO^=3.18 iVi; Mn(lII) » 55.0xl0"^ M;Mn(lI)=0.008M 
Glycine M 0.167 0.145 0.125 0.105 0.083 
10"^ k^^^Uin"-^) 9.98 8.86 8. g5 7.10 5.43 
10^ k , (min"-^) 
obs ' 
[Glycine J 63.6 63.6 66.0 67.3 65.3 
Influence of hydrogen ion*. The hydrogen ion dependence 
of the oxidation ra te a t constant ionic s t rength i s shown 
i n table 4. The ionic s t rength was manipulated by adding 
required amount of NaHSO^ . The hydrogen ion concentrat ion 
of the mixture was calcula ted by the method recommended by 
47 
Waters. Hydrogen ion concentrat ion has an inverse f i r s t 
order dependence on react ion r a t e . 
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TRl:)1e-4 
I n f l u e n c e of h y d r o g e n i o n c o n c e n t r a t i o n on t h e r a t e c o n s t a n t 
Glycine=O.0Vi. jym(llI) = 9 6 . O x l o ' " \ . M n ( l i ) = O . O O 8 ; ( [HgSO^]+ 
[ N a H S O j ) = 3.53IV1 
HgSO^ 1.5SI!/1 2.07M g.56M 3.04JVi 
M n ( I I I ) 
MxlO^ 
M n ( I I I ) 
MxlO^ 
3.53iyi 
WinCIII) 
iVixLO^ Time (min) 
M n ( I l I ) M n ( I I I ) 
MxLO MxLO 4 Time (min) 
0 
5 
10 
1 5 
20 
25 
30 
35 
40 
9 6 . 0 
55 ,0 
40 .6 
2 6 . 8 
20 .0 
1 5 . 2 
1 1 . 0 
6,6 
4 . 2 
9 6 . 0 
6 3 . 4 
4 8 . 6 
3 5 . 4 
24 .6 
1 9 . 4 
1 5 . 8 
1 0 . 6 
8 .6 
0 
10 
20 
30 
35 
40 
45 
50 
55 
9 6 . 0 
7 1 . 2 
4L.0 
3 2 . 0 
2 4 . 4 
1 9 . 2 
1 7 . 0 
1 5 . 0 
1 2 . 6 
9 6 . 0 
7 6 . 0 
48 .6 
3 5 . 4 
28 .6 
24 .0 
2 0 . 8 
1 8 . 8 
1 6 , 2 
9 6 . 0 
8 2 . 6 
5 5 . 0 
4 0 . 0 
35 .0 
2 9 . 4 
26 .0 
1 9 . 2 
-
Rate c o n s t a n t _^ ^., 
(min-1) 33.10XL0 2 6 . 4 : ^ 0 2 0 . 0 0 x 1 0 " ^ 1 5 . 7 0 x 1 0 * ^ 14.56x10""^ 
J^lg.4(A) 
Cur\^e No. 
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Effec t of i o n i c s t r e n g t h ! By va ry ing the c o n c e n t r a t i o n 
of sodium p e r c h l o r a t e , the i o n i c s t r e n g t h of t h e system 
was changed. No s i g n i f i c a n t change i n r a t e c o n s t a n t 
was observed (Table-5) . 
Tab le -5 
Effec t on the r a t e , of adding sodium p e r c h l o r a t e 
Glycine=U.167lVi5 Mii(liX) = 59.0xlo"^M;H S0^=3. 55M-,Mn(li)=0.008lVi 
NaClO^ 
Time 
(min) 
0 
5 
11 
17 
22 
27 
33 
35 
40 
45 
50 
O.OlVl 
IVin(III) 
MxlO^ 
59.0 
37.0 • 
29.0 
25.2 
21.0 
17 .0 
-
-
-
-
a M 
O.IM 
iVin(III) 
Mxio'* 
59.0 
52 .4 
42.0 
37.0 
29.0 
25.6 
22.6 
a.o 
17.0 
1 4 . 8 
12 .6 
0.5Ki 
jyjn(III) 
MxlO^ 
59.0 
52.0 
40.6 
37.0 
29.0 
25.6 
22.6 
21.0 
17 .0 
1 4 . 8 
12 .6 
l.OM 
IVin(III) 
IVlxlO^ 
59.0 
52.0 
43.0 
34.6 
30.0 
25.6 
-
21.0 
18 .0 
1 4 . 8 
12 .6 
1,561 
Mn(II I ) 
MxlO^ 
59.0 
51.0 
42.6 
34.6 
27.0 
a.o 
-
1 8 . 0 
14 .0 
1 2 . 0 
1 0 . 4 
Rate cons tan t _ , . „ „„ _„ 
(min"-'-) 15.20x10 "^4.85x10 "T.4.6 5x10 "T. 4.61x10 "^  15.90x10 ^ 
ffi g. 5 
Curve Wo. 1 2 3 4 5 
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Effect of Temperature: The react ion has been studied over 
the temperature raJige 45 to 60 C and a f a i r l ineari ty-
was observed in the p l o t s of log ^^^ against temperature 
inverse . The effect of temperature on ra te constants are 
shown in table 6, The energy and entropy of ac t iva t ion i s 
calculated as g l . l K.Cals/mole and -13.5 e.u. respect ive ly . 
Table-6 
Temperature dependence of oxidation r a t e 
Glycine=U.14avi.,H 30^=3. 52lVl;Mn(lII)=l31.OxlO~%5Mn(II)=0.007M 
Temperatu: 
Time 
(min) 
0 
20 
40 
60 
80 
lOU 
120 
140 
160 
180 
200 
Rate 
(min 
F ig . 6 
Curve 
re 
45 
Mn( i l l ) 
Kxio'^ 
131.0 
115.0 
91.6 
73.0 
59.2 
52.U 
42.0 
36.9 
30.9 
25.8 
19 .9 
constant _„ 
•Is 3.55x10 ^ 
(A) 
No. 1 
Time (min) 
0 
1 5 
30 
45 
60 
7 5 
90 
:o5 
120 
135 
150 
50 
Mn(III) 
MxlO'^ 
131.0 
113.0 
91.6 
61 .8 
49.2 
3&.2 
31.0 
25,2 
22.2 
1 8 . 2 
14.6 
6. 22x10"^ 
2 
Time 
(min) 
0 
10 
20 
30 
40 
50 
60 
70 
80 
55 
ivin(lll) 
MxlO^ 
131 .0 
105.6 
73 .2 
52 .4 
42.2 
33.0 
25.6 
20.2 
1 6 . 4 
1 1 . 47x10 "^ 
3 
60 
Mn(lI I ) 
MxlO^ 
131.0 
86 .2 
55.0 
34.0 
22.4 
1 7 . 0 
1 3 . 2 
-
-
17.13x10"^ 
4 
35 
(b) UXiMTlUK Oi' GLYCii^ E yyl'M iViANGANlG SULPHATE 
IN PRESENCE OJ?' iiiGH GuNaENTRATiON(MOEE THAN O.IM) 
OH' MnSO . 
The r a t e of o x i d a t i o n of g lyc ine by manganic s u l p h a t e , 
when MnSO. p r e s e n t i n i t i a l l y i n the r e a c t i o n mix tu re was 
g r e a t e r than O.IM was followed as b e f o r e . I t was found 
t h a t second o rde r r a t e equa t ion , fo r runs w i t h excess g l y c i n e , 
f i t s wel l i n the da ta showing pseudo-second o rde r i n Mn(III) 
c o n c e n t r a t i o n . Pseudo-second o rde r r a t e c o n s t a n t s r e p o r t e d 
here are ob ta ined from the p l o t s of time v e r s u s i n v e r s e of 
the concen t r a t i on of manganic s u l p h a t e . The second o rde r 
r a t e c o n s t a n t s are independent of the c o n c e n t r a t i o n of 
iVin(lil) and r e s u l t s are recorded i n the fol lov/ ing t a b l e . 
' NOIiVaiN3DNOD (111) Uw 
NO 3IVy NOIlDVay dO 3DN3aN3d3a ^ -Old 
(uiuj)3wil 
09 OZ 09 OS OV 0£ 02 
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Table-7 
Dependence of ra te constant on IVin(lII) concentrat ion 
Glycine=0. glVl-, HgSO^=2.01iVi.Mn(lI)=0. 338Jyi 
Time 
(min) 
0 
10 
20 
30 
40 
50 
.60 
70 
Rate cons tan t 
( l .mol .min ) 
P ig . 7 
Curve No. 
116.0 
116.0 
113.0 
108.0 
104.0 
7 6 . 2 
55.6 
47.0 
39.6 
4.30 
4 
Mng( 30^)3 
MxlO^ 
95.0 
95.0 
7 6 . 5 
60.6 
43 .3 
36.8 
31.1 
28.8 
24.1 
4.20 
3 
71.0 
71.0 
50.0 
44.9 
37.7 
29.5 
27.7 
23.7 
22.7 
4. gl 
2 
47.0 
47.0 
38 .3 
35.2 
30.6 
26.3 
23.8 
a.7 
20.0 
4 .22 
1 
Effect of Mn(ll) *. The effect of adding Mn(II) sulphate 
in to the react ion mixture under condit ions of constant 
ionic s t rength i s shown i n table 8. The ionic s t rength 
was compensated by adding the required amount of ZnSO . 
I t was observed tha t ZnSO does not seem to have any 
effect on the oxidation r a t e . when the concentrat ion of 
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iVin(ii) i n the r e a c t i o n mixture i s above O.IM and t h e 
amino ac id i s we l l i n excess over manganic s u l p h a t e , 
the r e a c t i o n fo l lows pseudo-second o rde r K i n e t i c s and 
has an i n v e r s e dependence on Mn(Ii) c o n c e n t r a t i o n . 
Table-8 
The dependence of the r a t e c o n s t a n t s on t h e i n i t i a l 
c o n c e n t r a t i o n of iVin(lI) 
Glyc ine -0 . 2M; H S0^=3. 37M; Mn(l I I )= 1 1 5 . 0 x l 0 " % 
ivmSO O.lOSiVi 0.208M 0.408M 
ivm(Iil) 
iVixlQ^ 
0.608M 
iVin(IlX) Time 
(min') 
m n ( i i l ) Mn(I l l ) 
MxlU^ 
0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
115.0 
73 .2 
54.0 
42.0 
32.6 
27.4 
25.6 
22.4 
1 9 . 0 
16 .0 
115.0 
80 .0 
66 .8 
52.0 
44.0 
39.8 
35.2 
32.0 
27.0 
24.0 
115 .0 
94 .4 
8 3 . 4 
70 .0 
62 .0 
55.2 
47.0 
45.0 
42.8 
39.0 
115.0 
98.6 
8 9 . 4 
8 2 . 4 
74 .8 
70.0 
61 .2 
57.0 
53.4 
-
Rate cons tan t 
( l .mol .min ) 
F ig . 8 (A) 
Guive No. 
5.87 3.51 2.44 1.26 
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Dependence on amino a c i d ! The dependence of t h e o x i d a t i o n 
r a t e on t h e c o n c e n t r a t i o n of g l y c i n e was of f i r s t o r d e r . 
The r a t i o k . / [_GlycineJ gave a c o n s t a n t q u o t i e n t . 
T a b l e - 9 
Dependence of t h e o x i d a t i o n r a t e on t h e c o n c e n t r a t i o n 
of g l y c i n e 
H S0^=2.01M. Mn(lII)=80.0xlO~'^M.,Mn(lI)=0.31Vl 
G l y c i n e 0.20M o.ivavj 0 . 1 avi 0.125JV1 O.lOlVi 
Time 
(min) 
M n ( I I I ) 
MxlO^ 
ivm ( H i ) rji^ j^ g iHkn(lII) M n ( l l i ) M n ( l i l ) 
MxlO^ (min) Mxio'^ MxlO MxlO 
0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
8 0 . 0 
6 1 . 4 
50 .0 
4 3 . 0 
36 .0 
31 .0 
29 .0 
2 7 . 4 
23 .0 
2 2 . 2 
8 0 . 0 
. 6 3 . 0 
5L.0 
4 4 . 0 
3 7 . 4 
32 .0 
3 0 . 0 
28 .6 
2 5 . 4 
24 .0 
0 
1 5 
30 
45 
60 
75 
90 
1 0 5 
120 
1 3 5 
8 0 . 0 
6 3 . 6 
5 1 . 0 
4 1 . 4 
3 6 . 8 
32 .0 
29 .0 
27 .0 
2 4 . 4 
2 2 . 4 
8 0 . 0 
6 6 . 8 
5 4 . 0 
45 .6 
40 .6 
36 .6 
3 3 . 4 
3 1 . 4 
S8 .6 
2 5 . 4 
8 0 . 0 
6 9 . 0 
5 2 . 0 
4 6 . 0 
4 1 . 4 
3 8 . 8 
37 .0 
32 .0 
29 .0 
-
Rate c o n s t a n t „ „p. 
( l . m o l .min ) 
P i g . 9(A) 
Curve No. 1 
3 . 3 3 
2 
2 .70 
3 
2 .20 
4 
1 . 7 5 
5 
39 
Table-10 
F i r s t o rde r dependence on tlie c o n c e n t r a t i o n of 
g lyc ine 
H S0^=2.01M. Mn( l I I )=80 .0x l0" \ i . ,Mn( i i )=0.31V1 
Glycine,M 0.2O 0.175 0 . 1 5 0 .125 0.10 
k(l.mol"-^.inin""^) 3.70 3.33 2.70 2.20 1.7 5 
ic^, ( l .mol ,min ) 
OPS 1_ 
I^Grlycinej 
1 8 . 5 18 .8 1 8 . 0 1 7 . 5 1 7 . 5 
In f luence of hydrogen ion'. The hydrogen i o n dependence 
of the ox ida t ion r a t e fo r c o n d i t i o n s of c o n s t a n t i o n i c 
s t r e n g t h i s shown i n t a b l e 1 1 . The c o n s t a n t i o n i c 
s t r e n g t h was manipula ted by adding r e q u i r e d amount of 
NaHSO. . The r e a c t i o n showed i n v e r s e dependence on 
hydrogen i on c o n c e n t r a t i o n . Hydrogen i on c o n c e n t r a t i o n 
was read from s tandard hydrogen i o n v e r s u s H SO 
c o n c e n t r a t i o n curve p repa red from the r e s u l t s of Waters 
( l o c . c i t ) . 
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I n f l u e n c e of H'" on t h e r a t e c o n s t a n t 
Glycine=0.2ia; lVin(III) = 9 1 . 0 x l O ~ % - , l n ( l I ) = 0 . 3 3 8 M ; ( [ H ^ S O ^ ] + 
[NaHSOj)= 3.71M 
2 4 3.71M 3 . PZM a.voM 2 . 301V1 
M n ( I I I ) M n ( I I I ) 
1.70M 
M n ( I I I ) 
JWxlO^ 
Time 
(min) 
M n ( I I I ) 
MxlO^ 
Time 
(min) 
iVin(Iii) 
0 
10 
20 
30 
45 
60 
75 
90 
105 
120 
9 1 . 0 
7 6 . 4 
7 ? . 0 
6 8 . 0 
6 0 . 4 
51 .0 
4 7 . 2 
4 3 . 8 
39 .0 
36.6 
9 1 . 0 
7 5 . 6 
6 9 . 0 
6 3 . 0 
53 .6 
4 5 . 4 
4L.6 
3 8 . 8 
31.6 
30 .0 
0 
10 
20 
30 
40 
45 
50 
60 
70 
7 5 
80 
90 
1 0 5 
120 
9 1 . 0 
7 4 . 8 
6 3 . 6 
58 .6 
-
4 5 . 4 
-
3 9 . 4 
-
3 6 . 0 
3 4 . 0 
30 .0 
2 6 . 4 
9 1 . 0 
6 3 . 6 
5 3 . 8 
3 6 . 8 
3 3 . 4 
-
3 0 . 0 
2 6 . 8 
2 2 . 0 
-
1 9 . 2 
9 1 . 0 
6 0 . 2 
4 5 . 2 
32 .0 
2 5 . 4 
-
2 2 . 0 
1 9 . 0 
1 5 . 2 
-
1 2 . 0 
Ra te c o n s t a n t -, ^p. 
( l . m o l .m in ) 
1 .80 2 .72 4 .7 7 . 1 
P i g . l O ( A ) 
Curve No, 
Dependence of i o n i c s t r e n g t h l By v a r y i n g t h e c o n c e n t r a t i o n 
of sodium p e r c h l o r a t e , t h e i o n i c s t r e n g t h of t h e sys tem was 
v a r i e d , k e e p i n g o t h e r v a r i a b l e s c o n s t a n t . A n e g a t i v e s a l * 
•HI9N3dlS DINOI NO 3lVy NOIlDV3a JO 3DN3aN3d3a 'H'OJJ 
(uiuj)3wil 
4 1 
e f f ec t i s observed which i s shown i n t a b l e 12 . 
Table "12 
Ef fec t , on the r a t e , of adding sodium p e r c h l o r a t e 
Glycine=<J.2lVi5H S0^=3. 37M;iVln(lII) = 56 .0x l0~^ ;Mn( l i )=0 .306M 
NaClO^ 
Time 
(min) 
0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
O.OlVi 
mn(III) 
iViXlO'^ 
56.0 
45 .0 
37 .0 
3 3 . 8 
29 .0 
2 4 . 4 
2 2 . 2 
1 9 . 0 
1 7 . 8 
1 6 . 0 
0.5Wi 
M n ( I I I ) 
MxlO^ 
5 6 . 0 
4 5 . 0 
4 0 . 2 
3 4 . 0 
3 0 . 8 
2 8 . 8 
26 .0 
2 3 . 4 
2 0 . 8 
1 9 . 0 
1 . Oivi 
IVin(III) 
MxlO^ 
56 .0 
45 .6 
4 2 . 0 
3 6 . 8 
32 .0 
3 0 . 4 
29 .0 
2 5 . 4 
2 2 . 4 
~ 
1.5M 
M n ( I I I ) 
MxlO^ 
5 6 . 0 
4 6 . 8 
4 3 . 0 
3 7 . 2 
3 4 . 0 
3 1 . 4 
29 .0 
2 7 . 0 
2 4 . 4 
2 2 . 0 
Rate cons tan t 
>. _T 4.70 4.00 3.15 3.00 
( l .mol .min ) 
^ i g . l l 
Burve No. 1 2 3 4 
Temperature dependence*. The o x i d a t i o n of g lyc ine was 
s tud ied over t h e t empera tu re range 50° t o 60° C and 
f a i r l i n e a r i t y was observed i n the p l o t s of k ^ aga ins t 
obs 
•j^ . The e f f ec t of tempera ture on r a t e c o n s t a n t s a re 
shown i n the t a b l e 1 3 . The energy and en t ropy of a c t i v a t i o n 

42 
are c a l c u l a t e d a s 23,5 K.Cals/mole and 2 .3 e .u 
r e s p e c t i v e l y . 
Table-15 
Temperature dependence of o x i d a t i o n r a t e 
Glycine=0.14aVI; H S0^=3.52lVl; Mn(IiI) =131,0x10~\ l ;Mn(l l ) =0. 4glVl 
Tempe 
c 
Time (min) 
0 
1 5 
30 
45 
60 
7 5 
90 
105 
120 
135 
r a tu re 
C) 
Rate cons tan t 
( l .mol .min ) 
f i g .12 (A) 
Curve No. 
50 
Mn(III) 
MxlO'^ 
131.0 
130.8 
116 .8 
104.0 
97.6 
88 .8 
83 .0 
79 .0 
7 5.0 
71 .0 
5a e 
1 
, 55 
Mn(III) 
MxlO^ 
131.0 
121.6 
105 .4 
88 .8 
79 .0 
70.6 
63.6 
56.6 
53.2 
48 .4 
9.98 
2 
Time (min) 
0 
10 
20 
30 
40 
50 
60 
70 
-
60 
Mn(III) 
MxlO^ 
131.0 
119 .2 
104.0 
91.6 
. 7 7 . 2 
69.0 
60.6 
55.0 
-
15.61 
3 
6 5 
Mn(III) 
MxlO^ 
131.0 
1 1 5 . 0 . 
8 6 . 4 
69 .0 
58.8 
47.8 
39.4 
-
-
29.71 
4 
CEAPTER I I I 
STUDIES WITH DL-a"ALANINE 
43 
(a) OXiMTIOi^ Oh' HL-a-ALANINE WlTli IViMGMTC SULPHATE 
IN PiffiSEMGE Oh' LO«v CONCEITTRATIOII (BELOW O.OlM) 
OJ)' MANaANOUS SULPHATE 
The r a t e of o x i d a t i o n of D L - a - a l a n i n e "by mangan ic 
s u l p h a t e , when MnSO. was l e s s t h a n O.OlM, was d e t e r m i n e d 
s p e c t r o p h o t o m e t r i c a l l y a s d e s c r i b e d e a r l i e r . T r i a l and 
e r r o r p l o t s of r a t e d a t a ( f o r r u n s w i t h e x c e s s amino a c i d ) 
i n d i c a t e d t h a t t h e r e a c t i o n was f i r s t o r d e r i n M n ( i l l ) . 
Log[Mn( I I I ) j v e r s u s t ime p l o t was a s t r a i g h t l i n e and i t s 
s l o p e y i e l d e d k -. . The r a t e c o n s t a n t s a r e found to be 
O D S 
independent of the concentration of Mn( l I I ) . The r e s u l t s 
are given i n the following t a b l e . 
'NOIIVW1N3DNOD 
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Time 
(nUn) 
Table-14 
Dependence of r a t e cons t an t on the c o n c e n t r a t i o n of 
Mn(III) 
DL-a~alaJiine=0.2M;H S0^=3. 37M;iVin(lI)=0.0u7M 
MxlO^ 
107.0 94.0 80 .0 67 .0 54.0 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
107.0 
8 8 . 2 
7 5.0 
62.0 
54.0 
47.2 
40.8 
35.0 
30,8 
26.0 
94.0 
79.0 
69 .0 
56.6 
50.0 
44.0 
37.0 
30.8 
28.4 
23 .4 
80 .0 
6 6 . 8 
55.0 
46.0 
40.0 
37.0 
30.8 
26.0 
24.0 
20.0 
67 .0 
50.8 
48.0 
42.0 
35.0 
32.0 
25 .4 
23.8 
19 .0 
1 7 . 2 
54.0 
42.0 
35.6 
32.0 
25.0 
22.0 
17 .0 
13 .6 
12 .0 
-
Rate c o n s t a n t ^.i --z --2 --z ^ 
(min"-^) 13.33x10 '^13.17x10 "^13.01x10 "^12.75x10 "^  I3 .70xl0~ '^ 
P i g . l 3 
Giirve No. 1 2 3 4 5 
In f luence of Manganous sulphate*. The manganic su lpha t e 
sample con ta ined 0.002tVi Mn(II) . The e f f e c t of Mn SO. on 
the r e a c t i o n was followed by adding v a r y i n g amounts of 
Mn SO . to the r e a c t i o n mix tu re , keeping t h e i o n i c s t r e n g t h 
3iVy NO«lDV3a NO (II) uw JO lD3Jd3 ^l-OIJ 
(uiuJ)3WU 
09 OS Of OC O? Ol 
aUllj OviSZ UiOoJ SJJD^S 3AJnD ^0D^ 
e-1 
and o t h e r v a r i a b l e s u n c h a n g e d . I t was o b s e r v e d t h a t 
M n ( l l ) d i d n o t e f f e c t t h e r a t e c o n s t a n t when v a r i e d 
u p t o O.OllVi. 
T a b l e - 1 5 
45 
The dependence of r a t e c o n s t a n t on t h e i n i t i a l c o n c e n t r a t i o n 
of iVin(lJ-) 
DL-a-alanine=0.2lVi-,H SO =3.37M;iVm(iI i ) = 53 .0x lO -4 . M 
ffinSO U.UU21V1 U.004iVi 0.006iVi U.OOSiVi 
iVin(III) 
MxlO^ 
Time 
(min) 
ivin(III) 
ivixio'* 
iVin(III) 
Mxio'* 
M n ( I i l ) 
MxlO^ 
0 
10 
go 
30 
40 
50 
5 3 . 0 
3 3 . S 
26,8 
20.6 
1 5 . 2 
1 1 . 0 
5 3 . 0 
3 9 . 0 
29 .0 
2 2 . 4 
1 5 . 4 
1 1 . 0 
5 3 . 0 
3 9 . 0 
2 9 . 5 
22 .6 
1 5 . 6 
1 1 . 0 
5 3 . 0 
3 7 . 2 
28 .0 
22.6 
1 9 , 8 
1 1 . 8 
Ra te c o n s t a n t _rz _„ 
(inin~-^) 1 3 . 8 0 x 1 0 "^13 .32x10 ^ l 3 . 4 S x l O ~ ^ 13.17x10""^ 
f i g . 1 4 
Curve No, 4 
Dependence on D L - a - a l a n i n e l The o r d e r w i t h r e s p e c t t o 
ECi-a"a lan ine was d e t e r m i n e d by v a r y i n g i t s c o n c e n t r a t i o n 
and k e e p i n g t h e o t h e r v a r i a b l e s c o n s t a n t . The r a t i o 
i C Q l j / [ n L - a - a l a n i n e ] gave a c o n s t a n t q u o t i e n t i n d i c a t i n g a 
f i r s t o r d e r dependence on D L - a - a l a n i n e c o n c e n t r a t i o n . 
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TalDle-16 
Dependence of t h e o x i d a t i o n r a t e on t h e c o n c e n t r a t i o n 
oi* D L - a - a l a n i n e 
-4„ H SO .= 3. 37M: M n ( l I I ) = 9 9 . 0x10 M - k n ( l l ) =0 . 007M 
DL-a-
Time 
(min) 
0 
5 
10 
1 5 
20 
25 
30 
35 
40 
45 
Rate 
(min 
• a l an ine 
c o n s t a n t 
• 1 . 13 , 
]?ig.15(A) 
Curve J No. 
0 . 201V1 
IVin(III) 
Mxio'^ 
9 9 . 0 
8 1 . 0 
7 2 . 0 
6 0 . 0 
5 0 . 0 
45 .6 
39 .0 
34 .0 
29 .0 
24 .0 
0. 
Time 
(min) 
0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
,17 5M 
M n ( I I I ) 
MxlO^ 
9 9 . 0 
7 2 . 0 
5 7 . 0 
4 3 . 0 
32 .0 
2 5 . 4 
2 0 . 4 
1 6 . 0 
1 2 . 0 
-
. 2 2 x l 0 ' ^ 1 1 . 2 5 x 1 0 " ^ 
5 4 
0.15iVi 
iv in( l l l ) 
MxlO^ 
9 9 . 0 
7 5 . 6 
6 1 . 0 
5 0 . 0 
3 9 . 0 
3 2 . 2 
2 5 . 2 
2 2 . 0 
1 7 . 0 
" • 
9 . 3 9 x l 0 " ^ 
3 
0.125M 
M n ( I I I ) 
MxlO^ 
9 9 . 0 
8 1 . 3 
6 5 . 0 
5 6 . 0 
5 0 . 0 
4 2 . 0 
36 .6 
3 2 . 0 
2 6 . 0 
2 2 . 4 
7 .50x l0" ' ' ^ 
2 
O.lOlVi 
iVln(III) 
MxlO^ 
9 9 . 0 
8 4 . 4 
7 0 . 0 
6 1 . 6 
54 .6 
4 8 . 0 
4 4 . 0 
3 7 . 0 
3 2 . 0 
2 7 . 0 
6 . 2 4 x l 0 ~ ^ 
1 
4 7 
TeMe-l? 
i l r s t order dependence on the concentrat ion 
of I?L-a-alanine 
H S0^=3. 37M.Mn(IlI)=99.0xl0"%;lVin(lI)=U.U07M 
HL-a-a lp ine ivi 0.20 0.175 0.150 0.125 0.10 
10^ Ic^^g (min"^) 13,22 11.25 9.39 7.50 6.24 
10^ k . (rnin""-'-) 
-^•^ =— 66.1 64.2 62.0 60.0 62.4 [l)-a-alanine J 
Influence of hydrogen ioni The hydrogen ion dependence 
of the oxidation ra te for condi t ions of constant ionic 
s t rength i s shown in the tab le 18. 'fhe constant ionic 
s t rength was manipulated "by adding required amount of 
NaiiSO. . The react ion showed an inverse dependence on 
hydrogen ion concentration. 
•NOIlVaiN3DNOD NOI 
N390daAH NO 31Vd NOIlDV3a dO 3DN3aN3d3a (VJQtOU 
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Table-18 
I n i l u e n c e of H on the r a t e cons tan t 
DL -a - a l anine=0. 2lVi; Mn (I i I) =12?. 0x10 ~^ iVi, iVin (11) =0. 0U8M 
( [H gSO ^  ] + [NaHSO 4] ) = 3. 5 3lVi 
4S 
HgSO^ 
Time 
(min) 
0 
10 
10 
1 5 
20 
25 
30 
35 
40 
Ra te c 
(min 
h'±g,16 
Curve 
j o n s t a n t 
•) 23. 
i(A) 
Ho. 
1.58M 
iVin(III) 
iVi3cL0^  
1 2 7 . 0 
8 0 . 0 
5 8 . 0 
4 6 . 0 
37 .0 
2 6 . 8 
22 .0 
1 6 . 0 
1 2 . 6 
.96x10""^ 
5 
2.07JV1 
M n ( l I I ) 
MxlO^ 
1 2 7 . 0 
8 6 . 0 
6 9 . 0 
54 .0 
47 .0 
3 5 . 4 
3 0 . 8 
24.6 
1 9 . 8 
1 9 . 1 4 x 1 0 ' ' ^ 
4 
2. 56M 
iVin(III) 
MxlO^ 
1 2 7 . 0 
9 4 . 8 
8 1 . 4 
7 0 . 0 
6 1 . 6 
51 .0 
4 2 . 2 
3 6 . 8 
29 .0 
1 5 . 0 2 x 1 0 " ' 
3 
Time 
(min) 
0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
' 1 2 . 
3.04M 
Mn(lIX) 
MxlO^ 
1 2 7 . 0 
9 8 . 8 
7 9 . 6 
59 .6 
4 4 . 8 
36 .6 
29 .0 
22 .6 
1 9 . 0 
1 5 . 0 
, 9 0 x 1 0 " ^ 
2 
3 . 53IVI 
M n ( i l i , 
MxlO^ 
1 2 7 . 0 
1 0 3 . 0 
8 6 . 8 
7 0 . 0 
5 2 . 0 
4 4 . 0 
36 .6 
3 0 . 0 
24 .6 
1 9 . 0 
1 0 . 4 3 x 1 0 
1 
- 3 
•HI9N3dlS DINOI NO NOIlDV3fc* JO 3DN3aN3d3a ZtOlJ 
(uiaj)3wij. 
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Dependence of ionic s t rength! By varying the concentration 
of sodium perchlora te , the ion ic s t rength of the system was 
varied, keeping other va r i ab l e s constant . ¥o s ign i f i can t 
change in ra te constant was observed. 
Table-19 
Effect of ionic strength on the rate 
IiL-a-alanine=0.2l.Vi;H S0^=3. 37M.iVin(Ill)=67.0xlO~\.lvm(ii)=O.U07ffi 
NadO^ 
Time 
(min) 
0 
5 
10 
1 5 
20 
25 
30 
35 
40 
Rate cons tan t 
(min"-^) ^ ^ ' 
i ' i g . l ? 
Curve No. 
U.UM 
M n ( l l i ) 
MxlO^ 
6 7 . 0 
5 0 . 8 
4 8 . 0 
4 2 . 0 
35 .0 
32 .0 
2 5 , 4 
2 3 . 8 
1 9 . 0 
50x10 "^ 
1 
O.IM 
Mn(ITI) 
iVixlO"^  
6 7 . 0 
5 9 . 0 
5 4 . 0 
45 .6 
4 0 . 4 
35 .0 
3 0 . 0 
2 5 . 2 
22 .0 
1 2 . 56x10 ~^ 
2 
0.5M 
m n ( I I I ) 
Mxio"^ 
6 7 . 0 
5 9 . 0 
5 4 . 0 
45 .6 
4 0 , 4 
35 .0 
3 0 . 0 
2 5 . 2 
22 .0 
11.59x10""^ 
3 
l.OM 
M n ( I I I ) 
Mxio"^ 
6 7 . 0 
5 9 . 0 
5 5 . 4 
4 8 . 4 
4 2 . 0 
3 6 . 8 
33 .6 
2 7 . 2 
23 .6 
1 0 . 5 4 x l 0 " 
4 
1 . 5M 
iVin(III) 
Mxio"^ 
6 7 . 0 
5 9 . 0 
5 5 . 4 
4 9 . 0 
42 .0 
39 .0 
34 .0 
2 8 . 8 
26.6 
'^ 1 0 . 5 4 x l O ~ ^ 
5 
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Effec t of Temperature! Tiie o x i d a t i o n of DL-a~alanine 
was s tud ied a t l o u r d i f f e r e n t t empera tu res unde r i d e n t i c a l 
c o n d i t i o n s of r e a c t a n t ' s c o n c e n t r a t i o n , i o n i c s t r e n g t h and 
a c i d i t y . The p l o t of l o g k , v e r s u s —Tf y i e l d e d a s t r a i g h t 
l i n e and the energy of a c t i v a t i o n was c a l c u l a t e d from t h e 
s l ope . The value was found to be 23.6 K. Gals /mole . The 
entropy of a c t i v a t i o n was c a l c u l a t e d a s - 6 . 8 e .u . 
Table-go 
Temperature dependence of o x i d a t i o n r a t e 
DL-a-alanine=0.145iVl;H S0.= 3. 5SM.,Mn(lIl5.=131.0xlO~\-Mn(II)=0.0071Vl 
Temperature 
(°C) 45 50 55 60 
ivin(III) ^^^^ itnilLI)^^^^ iVin(III) toTlHy 
MxlO^ (mln) MxlO^ (min) MxlO"* Mxio'^ 
Time 
(min) 
0 
20 
40 
60 
80 
100 
120 
140 
160 
180 
200 
131.0 
126.0 
115.0 
102.4 
86.6 
81.2 
7 3.0 
63.4 
62.0 
58.4 
53.4 
0 
1 5 
30 
45 
60 
7 5 
90 
105 
120 
135 
150 
131.0 
124.4 
111.0 
94.0 
81.4 
67.4 
58.4 
49.2 
44.4 
38.4 
34.4 
0 
10 
20 
30 
40 
50 
60 
70 
80 
131.0 
119.0 
99.0 
81.6 
68.8 
56.4 
48.2 
36.8 
32.8 
131.0 
109.6 
81.4 
58.4 
44.2 
34.0 
26.2 
-
-
Rate cons tan t 
(min ) 
J?*ig.l8(A) 
Curve No. 
2 .09xl0"^ 4.15x10"^ 7.87x10"^ 12.08x10~^ 
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(b) OXIDATION OJ^ ' EL-a-ALMINE WITH MMGMIC SULPHATE 
IN PEESENCE Oi' HIGH CONCENTRATION Oi' MANGANOUS 
SULPHATE 
The p r o g r e s s of t h e r e a c t i o n of D L - a - a l a n i n e w i t h 
mangan ic s u l p h a t e , i n t h e p r e s e n c e of h i g h c o n c e n t r a t i o n o f 
iVin(II), was f o l l o w e d a s u s u a l . The p l o t of / fvin(III)] v e r s u s 
t ime gave good s t r s i i g h t l i n e and t h e s l o p e was u s e d f o r t h e 
d e t e r m i n a t i o n of p s e u d o - s e c o n d o r d e r r a t e c o n s t a n t . T a b l e 
g i v e n below r e c o r d t he second o r d e r dependence of t h e r e a c t i o n 
on manganic s u l p h a t e c o n c e n t r a t i o n , i t was i n d e p e n d e n t of 
t h e c o n c e n t r a t i o n of M n ( i l ) . 
T a b l e - 2 1 
Dependence of t h e r a t e c o n s t a n t on t h e c o n c e n t r a t i o n of 
M n ( I I I ) s u l p h a t e 
D L - a - a l a n i n e = 0 . 2iyi.,H S0^=2.01M5Mn(l I )=0 . 31Vi 
Time 
(min^ 
0 
10 
20 
30 
40 
Rate c 
( l . m o l 
F i g . 19 
Curve 
o n s t a n t 
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22.'7 
8 . 8 4 
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34 .0 
2 7 . 4 
22 .0 
1 9 . 2 
1 5 . 4 
8 . 6 5 
1 
TJ 
Q 
ISJ 
O 
> 
rn 
•n 
-n 
0 
T1 
2 
D 
*"*^  
0 
2 
:o 
ni 
1> 
n 
-1 
0 
2 
:s 
> H 
m 
•n 
Q 
tu 
o 
• • • ^ 
CD 
O z 2 ^ 
m 
2 » 
3 V/» 
^ rn 
N M ' 
a 
n m 
0 -n 
z ni 
n 2 
m o 
z ni 
-J 2 
aj o J> m 
H 
0 0 
z -n 
7) 
> 
H 
m 
n 
0 
2 
J> 
Z 
-i 
_^ 
2 
m 
«>--H 
3. 
3 
' 
^ 
"2* 
3 
S 
C=±< 
' 
• ^ 
o o 
vJ 
O 
NJ 
o 
I X 
o 
o 
U l 
o 
ON 
o 
o 
OD 
-
• 
" 
. 
o -
NJ 
^ c 
o 
U i 
b 
V 
o 
Ov 
o 
6 
(P 
6 
<) 
6 
o 
J 
6 ^ 
10 [Mn (III)]" 
NJ W *» 
6 6 b 
Rob*" 
. j k 
o> o o 
o o o 
1 I ' k 
\ # 
t n 
O 
. 
• j > 
-> 
o 
o 
o 
\ f O 
\ v j \ 
u r \ 
-^ 
fO 
6 
' 
SI 
o 
' 
-> 
' 
, JS l 
OJ 
o 
1 
52 
Effec t of IVin(il): The e f f ec t of adding Mn(l l) su lpha t e 
from o u t s i d e i n t o the r e a c t i o n mix tu re under c o n d i t i o n s of 
cons tan t i o n i c s t r e n g t h i s shown i n t a b l e 22. The i o n i c 
s t r e n g t h was compensated "by adding the r e q u i r e d amount of 
ZaSO. , when the c o n c e n t r a t i o n of Mn(lX) i n the r e a c t i o n 
mixture i s ahove O.IM and the r iL-a"alanine i s we l l i n exces s 
over manganic su lpha t e , the r e a c t i o n shows an i n v e r s e 
dependence on ivin(ll) c o n c e n t r a t i o n , ZnSO, i t s e l f does n o t 
have any e f f e c t on the r a t e . Th i s was v e r i f i e d by s tudy ing 
the r e a c t i o n i n presence of d i f f e r e n t c o n c e n t r a t i o n of ZnSO ^ 
4 
keeping o t h e r v a r i a b l e s c o n s t a n t . 
Table-22 
The dependence of the r a t e cons tan t on the i n i t i a l c o n c e n t r a t i o n of 
iVin(XII) 
EL-a-a lan ine=0. giVl;H SO = 3 . 37M.lVm(i i I )=85.0xl0~\ 
mso O.IM 0.2lVi 0.4IV1 o.avi 0.6M 
Mn( i i l ) iVin(III) ^^^^ Mn(II I ) iVin(III) Mn(III) 
MxlQ^ MxlO^ (mln^ MxlO^ MxlO^ MxlO^ 
Time 
(min) 
0 
5 
10 
1 5 
20 
25 
30 
35 
40 
45 
85.0 
50.0 
34.6 
31.4 
27.4 
22.4 
20.0 
1 8 . 2 
1 6 . 2 
-
85.0 
52.1 
40.0 
36.9 
32.2 
27.4 
24.9 
22.1 
20.0 
17.6 
0 
10 
20 
30 
40 
50 
60 
85 .0 
50.0 
34.6 
27.5 
21 .3 
1 8 . 8 
1 5 . 8 
85 .0 
48.0 
34.6 
27.4 
23.1 
1 9 . 3 
16.7 
85 .0 
55.5 
38,2 
28.5 
24,1 
19 .9 
17,6 
Rate cons tan t 
12.70 
( l .mol- l .min^^ 
F ig . 20(A) 
Curve No. 1 
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Dependence on DL-a""alanine! Rate c o n s t a n t a t d i f f e r e n t 
s u b s t r a t e c o n c e n t r a t i o n s were ob ta ined by v a r y i n g DL-a"alanine 
concen t r a t i on keeping o t h e r v a r i a b l e s c o n s t a n t . The f i r s t 
o rde r dependence on s u b s t r a t e was i n f e r r e d from the p l o t of 
r a t e cons tan t v e r s u s I3J-a-a lanine c o n c e n t r a t i o n where a 
s t r a i s h t l i n e was ob ta ined . 
Tab le -25 
Dependence of the o x i d a t i o n r a t e on the c o n c e n t r a t i o n of 
DL-a-a lanine 
H S0^=2.01M. M n ( I I I ) = 6 9 . 0 x l O " \ ; Mn(II)=0.31Vl 
DL-a-alanine 0.2OM 0.17 5M 0.15M O.lgSWi O.lOiVi 
'^. ivin(III) Mn(III) Mn(III) IVin(III) kn(ir l) 
(min) MxlO^ kxlO^ MxlO^ MxlO'^ MxlO^ 
0 
10 
20 
30 
40 
50 
60 
70 
69.0 
39.0 
24,4 
18.8 
14.2 
12.0 
• 
69.0 
41.2 
28.8 
22.4 
17.8 
15.4 
12.6 
69.0 
40.6 
36.8 
20.6 
16,0 
12.8 
12,4 
12.0 
69.0 
43.8 
30.0 
23.8 
20.8 
15,4 
14.6 
14.0 
69.0 
44.0 
36.6 
30.4 
24.0 
22.8 
20.4 
17.6 
Rate cons tan t 
( l . m o l ' \ m i n " l ) ^^'^ ^Q'Q^ Q '^^ '"'^'^ 
Fig , a (A). 
Curve No, 1 2 3 4 
5.55 
5 4 
Table-24 
F i r s t o rde r dependence on the c o n c e n t r a t i o n 
of DL-a-a lanine 
H S0^=2.0llVi. Mn( l i r )=69 .0x l0" \ . ,Mn( l I )= :0 . 3lVi 
EL-a-a lan ine M 0. gO 0 .175 0 .15 0 .125 0.10 
iCQjjg(l.mol"'-^.min~-^) 11.20 10 .04 8 .64 7 .2? 5.55 
k , ( l .mol .min ) 
OPS 1_ 
j_DL-a-alanine] 
56.0 57 .4 57.6 58.U 55 .5 
In f luence of hydrogen ion ! The i n f l u e n c e of hydrogen 
ion on the r a t e cons t an t was determined at c o n s t a n t 
c o n c e n t r a t i o n s of manganic s u l p h a t e , DL-a-a lanine and 
ivin(ll) . Su lphur ic ac id c o n c e n t r a t i o n was v a r i e d i n the 
r e a c t i o n mixture and the i o n i c s t r e n g t h was main ta ined 
cons t an t by u s ing sodium hydrogen s u l p h a t e . i t was 
observed t h a t the r e a c t i o n r a t e fol lowed an i n v e r s e 
dependence on hydrogen i o n c o n c e n t r a t i o n . The d a t a a re 
p r e s e n t e d i n the fol lowing t a b l e . 
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T a b l e ~g5 
I n f l u e n c e of l iydrogen i o n c o n c e n t r a t i o n on t h e r a t e c o n s t a n t 
DL-a-alanine=O.0Vi.iVin(lII)=69.OxlU~^Vl;Mn(lI)=O.31Vl; 
( [ i l g S O ^ ] + [ N a H S 0 j ) = 3.71ivi 
2 4 3.71M 3 . a M 2.70iVi 2. 20M 1.70M 
Time 
(min) 
iVin(III) I 4 n ( l l l ) 
Mxio"^ IVixlO^ 
Time 
(min) 
MnClII) M n ( l I I ) i v m d l l ) 
iVixlO MXIO MxlO 
0 
1 5 
30 
45 
60 
75 
90 
1 0 5 
6 9 . 0 
5 8 . 8 
47 .0 
3 9 . 4 
3 2 . 4 
27 .0 
2 2 . 4 
2 0 . 8 
6 9 . 0 
55 .6 
37 .6 
33 .6 
27.6 
22.6 
1 9 . 8 
1 5 . 6 
0 
10 
1 5 
20 
30 
40 
50 
60 
70 
90 
1 0 5 
6 9 . 0 
-
6 1 . 0 
-
3 6 . 8 
-
-
2 0 . 8 
1 8 . 0 
1 4 . 2 
1 2 . 0 
6 9 . 0 
5 0 . 0 
-
3 4 . 4 
29 .0 
22 .6 
1 9 . 8 
1 6 . 0 
6 9 . 0 
45 .6 
-
2 9 . 4 
2 5 . 4 
1 9 . 0 
1 4 . 4 
1 0 . 4 
Ra te c o n s t a n t 
4 . 4L 
""1 ""1 
X l . m o l .min 
P i g . 22(A) 
Curve No. 5_ 
5 .50 6 . 1 2 7.70 
I 
10.00 
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Dependence of i o n i c s t r e n g t h ! By v a r y i n g t h e c o n c e n t r a t i o n 
of sodium p e r c h L o r a t e , t h e i o n i c s t r e n g t h of t h e sys tem 
was v a r i e d , k e e p i n g o t h e r v a r i a b l e s c o n s t a n t . A n e g a t i v e 
s a l t e f f e c t i s o b s e r v e d w h i c h i s shown i n t h e t a b l e 26, 
T a b l e - 2 6 
E f f e c t of i o n i c s t r e n g t h on t h e r e a c t i o n r a t e 
D L - a - a l a n i n e = 0 . SLVi; H S 0 ^ = 2 . 9 3 W i - , M n ( i I I ) = 7 ? . 0 x l 0 ' ' \ i ; k n ( l I ) = 0 . 31M 
NaCaO O.OM l.OM 1.5M 2.0ivi 
i v i n ( l i i ) 
iVixlU^ 
M n ( I I I ) 
Mxio"^ 
M n ( l i l ) 
Mxio'^ 
~ m n ( I i i ) 
MxLO'^  
Time 
(min) 
0 
10 
20 
30 
40 
50 
60 
7 2 . 0 
5 1 . 5 
4 0 . 5 
2 9 . 2 
2 6 . 2 
22 .6 
72.0 
6 0 . 2 
52 .6 
4 1 . 0 
3 7 . 2 
34 .6 
30 .9 
72.0 
6 0 . 2 
5 1 . 0 
4 4 . 4 
4 0 . 3 
36 .0 
30 .9 
7 2 . 0 
6 4 . 1 
5 7 . 1 
47 .6 
4 2 . 5 
39 .9 
35 .7 
Ra te c o n s t a n t 
( l . m o l .min ) 
6 . 3 0 2.82 2.80 2.30 
F i g . 2 3 
Curve No. 
Tempera tu re dependence ! For t h e c a l c u l a t i o n of a c t i v a t i o n 
e n e r g y aad e n t r o p y , t h e r e a c t i o n was p e r f o r m e d a t d i f f e r e n t 
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temperatures between 50° to 65°Q, Energy and entropy of 
ac t iva t ion have been calcula ted as 23.2 K. Gals/mole and 
the 2.4 e.u respect ively . Tiie following tab le show the 
dependence of ra te constants on temperature. 
Table-27 
Temperature dependence of the oxidation ra te 
IiL-a-alanine=0.145!Sa-,H SO =3.521Vl;Mn(liI)=131.0xl0"%; 
Mn(l l )=0 . 
Temperature 
(°C) 
Time 
(min) 
0 
1 5 
30 
45 
60 
75 
90 
105 
120 
135 
Rate cons tan t 
""1 —1 ( l .mol .min ) 
F ig . 24(A) 
Curve No. 
4gVi 
50 
Mn(i i l ) 
MxlO^ 
131.0 
126.2 
107 .4 
90.2 
78 .4 
70 .2 
62.0 
55.2 
49.8 
45.4 
1.11 
1 
55 
ivin(lll) 
MxlO^ 
131 .0 
113.0 
84 .0 
65 .0 
52 .4 
44.0 
38.0 
34.0 
31.2 
28.4 
2.16 
2 
Time 
(min) 
0 
10 
20 
30 
40 
50 
60 
70 
-
60 
Mn(lI I ) 
MxlO^ 
131 .0 
113.0 
88 .8 
69.0 
54.8 
45 .4 
38 .4 
33.2 
-
3.33 
3 
6 5 
iVin(lII) 
toxlO^ 
131 .0 
1 0 5 . 4 
69 .0 
47.0 
31.0 
26 .4 
24.0 
-
-
6.31 
4 
CHiLPTER IV 
STUDIES WITH KL-i so-VALINE 
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(a) OXIDATION OJ^ ' riL-ISO-\rALINE WITH MANGANIC SULPHATE 
IN PRESENCE OH' LOW CONCENTRATION( BELOW O.OIM) OJJ' 
MANGAN"OUS SULPHATE 
In presence of low concentration of Mn(l l ) , the p lo t 
of log [lvin(III)J versus time was a s t r a i g h t l i n e and i t s 
slope yielded the pseu do- f i r s t order ra te constant. 
Effect of Mn(lII) concentrat ion on ra te constant i s 
shown in table g8. I t wag observed t h a t the reac t ion 
ra te was independent of the i n i t i a l concentrat ion of 
Mn(III) . 
•NOIlVyiN3DNOD 
(III) uw NO 31Vd NOIlDV3d dO 3DNaaN3d3a S2 Old 
(uiuJ)3Wli 
5f) 
Table-28 
Dependence of r a t e cons tan t on the c o n c e n t r a t i o n of Mn(III)sulphate 
DL-lSO-Valine = 0.16M; H SO^ = 3.38M. Mn(i l )= U.0U2t* 
Time 
(min) 
0 
10 
SO 
30 
40 
50 
60 
70 
85 
90 
Rate cons tan t 
(min ) 
P ig , 
Cur\re 
25 
No. 
133.0 
133.0 
115.0 
-
70 .2 
53.4 
39.6 
32.8 
28.0 
1 7 . 4 
-
9.98xl0" 
1 
lVm^(S0^)3 
MxlO^ 
• ' 9 . 
117.0 
117.0 
104.0 
-
6 7 . 2 
53 .4 
40.6 
34.0 
28.0 
-
— 
,73x10"^ 
2 
100.0 
100.0 
8 4 . 2 
65 .0 
54.0 
41.0 
33.4 
30.0 
21.2 
-
15 .0 
9 . 1 9 x 1 0 ' ^ 
3 
67 .0 
67 .0 
57 .8 
45.6 
38.2 
28.8 
25.0 
20.0 
14 .6 
-
12 .0 
8 .80x l0~ 
4 
•31\/U NOIiDV3a NO (II) uw jo lD3dd3 92-9IJ 
-^ (uiaj)awiJL 
001- 06 09 01 09 SO OP 0£ oe ot 
SUilj OJ3Z UJOJJ S^JOJS 9Ajn3 MOD^ 
•f^^ i. i^sffi^ . J»^Vt 
Influence of manganous s^ulpiiatet The f i r s t order r a t e 
constant was found to be independent of the in i t i a l ly -
added Mn(II) when var ied up to O.OIM. The values are 
reported i n table 29, 
60 
Table-29 
The dependence of ra te constant on the i n i t i a l concentrat ion 
of JVln(II). 
I]iL-lS0-valine=0.16M:H SO^a3.38M;Mn(lII)=0.0061M 
MnSO^ 
Time 
(min) 
0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
0 . 0 0 2fri 
iVxn(Iil) 
MxLO'^  
6 1 . 0 
54 .6 
4 0 . 2 
3 2 . 5 
2 5 . 5 
2 0 . 5 
1 7 . 0 
1 4 . 1 
1 2 . 0 
9 . 0 
8 .7 
Ra te c o n s t a n t _^ 
8 .93x10 "^  
~i ""1 ( l . m o l .min ) 
i^'ig.26 
Curve '. No. 1 
0.004V1 
M n ( I I I ) 
i V i y l O ^ 
6 1 . 0 
54 .6 
4 0 . 2 
2 3 . 5 
26 .0 
a.o 
1 7 , 2 
1 4 . 3 
1 2 . 1 
9 . 9 
8 .7 
8 . 7 5 x l 0 " ^ 
2 
0.006M 
ivm(III ) 
MxLO* 
6 1 . 0 
5 1 . 1 
4 1 . 0 
3 4 . 0 
2 5 . 2 
21 .9 
1 7 . 8 
1 4 . 5 
1 2 . 6 
9 .6 
-
8 . 8 6 x l 0 ~ ^ 
3 
0.008iVi 
jVin(III) 
IVixlO'* 
6 1 . 0 
54 .6 
41 .6 
3 2 . 4 
2 6 . 3 
24 .0 
1 7 . 7 
1 4 . 9 
1 2 . 1 
-
-
8 . 9 4 x l 0 ~ ^ 
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Dependence on ]5L-ISO-Valine I The order with respect to 
H J - I SO-Valine was ohtained hy varying i t s concentration 
and keeping the other va r i ab le s constant . The observed 
pseudo-f i rs t order ra te constants when divided by the 
DL-ISO-\/"aline concentrat ion gave a constant quotient . 
This sbows tha t the order i s one with respect to 
DL-I SO-Valine concentrat ion. The r e s u l t s are represented 
in table 30. 
Table-30 
Dependence of the ra te constant on the concentrat ion of DL-I so-Valine, 
H S0^= 3.38M; Mn(III)= 0.0133M. Mn(ll)= O.OOgM 
DL-I SO-Valine 
Time 
(ffiin^ 
0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
Ra t e c o n s t a n t 
( m i n ' ^ ) 
i^lg. 
Curve 
27(A) 
• No. 
0 .16 
M n ( I i l ) 
I'lxlO^ 
1 3 3 . 0 
1 1 5 . 0 
8 1 . 0 
7 0 . 2 
5 3 . 4 
39.6 
32 .8 
28 .0 
1 7 . 6 
1 5 . 0 
-
9 . 9 8 x 1 0 " ^ 
5 
0 . 1 # 1 
M n ( l I I ) 
MxlO^ 
1 3 3 . 0 
1 1 5 . 0 
8 8 . 8 
6 9 . 0 
52 .6 
4 3 . 0 
3 5 . 4 
3 1 . 4 
1 9 . 8 
1 6 . 0 
-
9.10x10""^ 
4 
0.12M 
iVin(III) 
MxlO^ 
1 3 3 . 0 
1 1 9 . 4 
9 3 . 0 
7 5 . 0 
5 8 . 2 
52 .6 
4 2 . 4 
3 8 . 4 
2 7 . 4 
-
2 1 . 4 
8 . 0 9 x 1 0 " ^ 
3 
O.IOM 
M n ( I i i ) 
Mxio'* 
1 3 3 . 0 
1 2 3 . 4 
9 7 . 2 
8 4 . 0 
7 0 . 0 
6 0 . 4 
50 .6 
43..7 
-
32.6 
2 5 . 8 
6 . 6 5 x l 0 ~ ^ 
2„-
0 . 0 8 
iY;n(III) 
MxlO^ 
1 3 3 . 0 
1 2 8 . 2 
1 0 4 . 0 
8 8 . 8 
7 9 . 0 
6 5 . 0 
5 8 . 4 
5 0 . 0 
-
4 2 . 2 
3 6 , 0 
5 . 7 3 x 1 0 " 
1 
62 
T a b l e - 5 1 
F i r s t o r d e r dependence on t l ie c o n c e n t r a t i o n of D L - I s o - Y a l i n e 
H SO = 3 . 38M. M n ( l I I ) = 0 . 0 1 3 3 a ; M n ( l l } = 0 . OOSlVi 
D L - i s o - v a l i n e M 
1 0 ^ k . (min-1) 
0 .16 
9 . 9 8 
0 . 1 4 
9 . 1 0 
0 . 1 2 
8 . 0 9 
0 . 1 0 
6 . 6 5 
0 . 0 8 
5.7 3 
QUS gg^4 gg^Q g 7 ^ 4 gg^g rp-L g^ 
[ D L - I S O - v a l i n e J 
I n f l u e n c e of h y d r o g e n i o n i The h y d r o g e n i o n dependence 
of t h e o x i d a t i o n r a t e f o r c o n d i t i o n s of c o n s t a n t i o n i c 
s t r e n g t h i s shown i n t a b l e 32. The c o n s t a n t i o n i c 
s t r e n g t h was m a n i p u l a t e d by a d d i n g r e q u i r e d amount of 
i^aHsO . . I t was o b s e r v e d t h a t h y d r o g e n i o n c o n c e n t r a t i o n 
h a s an i n v e r s e f i r s t o r d e r dependence on r e a c t i o n r a t e . 
o 4+Log [MndlD] 
63 
TRMe-5P 
In+luence of liy;drogen i on c o n c e n t r a t i o n on the r a t e cons tan t 
DL-iSO-\raline=0.16lVi.wn(III)=0.0105M.ivin(II)=O.U02lVi; ( [ H ^ S O J + 
[NaHSO^] ) = 5.04iVi. 
» 8 » 4 
Time 
(min) 
U 
20 
40 
60 
80 
100 
120 
140 
160 
180 
200 
220 
b.om 
i u n ( I I I ) 
ivixlO^ 
1 0 5 . 0 
1 0 1 . 0 
8 9 . 0 
7 8 . 2 
7 0 . 0 
6 0 . 8 
5 3 . 2 
4 8 . 4 
4 3 . 2 
39.6 
3 5 . 4 
32.6 
4. 43lVi 
k n ( I I I ) 
mxio^ 
1 0 5 . 0 
9 3 . 0 
8 1 . 2 
7 0 . 8 
6 0 . 8 
52.6 
45 .6 
40 .0 
3 4 . 4 
3 1 . 4 
28 .0 
2 5 . 4 
3.82iVl 
M n ( I I I ) 
MxlO^ 
1 0 5 . 0 
8 8 . 8 
7 7 . 2 
6 4 . 6 
53 .6 
43 .6 
3 8 . 4 
34 .0 
28 .6 
23 .0 
2 0 . 2 
1 8 . 4 
Time 
(min) 
0 
5 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
3 . 2m 
ivin(III) 
MxlO^ 
1 0 5 . 0 
1 0 4 . 0 
9 7 . 2 
8 4 . 0 
7 0 . 0 
6 7 . 2 
5 8 . 4 
52 .6 
46 .6 
4 2 . 8 
3 8 . 4 
3 6 . 8 
2.61M 
M n ( I I i ) 
MxlO^ 
1 0 5 . 0 
1 0 1 . 0 
9 4 . 4 
7 8 . 4 
6 5 . 0 
5 8 . 4 
5 1 . 0 
4 5 . 4 
3 9 . 0 
35 . 2 
3 1 . 2 
2 8 . 0 
Rate cons tan t 
. 2 .45xl0"^ 2.89xl0~^ 3 .54xl0"^ 4.34x10"^ 5.19xL0~^ 
(min, ) 
i l g . 28(A) 
Curve No. 1 2 3 4 5 
•HI9N3ifIS DINOI NO 31Vd NOIIDV3y dO 3DN3aN3d3a "62 Old 
Oil OOI 06 06 
- (uiuj)3Wll 
OS 017 oe 
f^a-L ! '^-V i ^ JiHAW-i^ii. -i-^ 
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Effect of ionic strength! By varying the concentration 
of sodium perchlora te , the ion ic s t rength of the system 
was var ied , keeping other va r i ab l e s constant . A negative 
sa l t effect i s observed which i s shown i n table 33. 
Table-33 
Effect of ionic strength on the oxidation rate 
DL-lS0-V"aline=0.16M;H S0^=3. 38M.Mn(lII)=0.0133lVi;Mn(II)0.U03WL 
NaCLO^ 4 
Time 
(fflin) 
0 
10 
20 
30 
40 
50 
60 
75 
90 
1 0 5 
O.OM 
I k n ( I I I ) 
iVixlO 
1 3 3 . 0 
1 1 5 . 0 
8 0 . 4 
V0 .2 
5 3 . 4 
39.6 
3 2 . 8 
4 8 . 2 
4 2 . 2 
3 5 . 4 
Ra t e c o n s t a n t 
i ' i g. 29 
Curve No< 4 
Time 
(min) 
0 
10 
20 
30 
45 
60 
7 5 
90 
105 
120 
0.5M 
MnCi i i ) 
MxlO^ 
1 3 3 . 0 
1 1 8 . 0 
1 0 1 . 0 
8 6 . 0 
6 7 . 2 
5 2 . 2 
4 0 . 0 
3 1 . 4 
2 8 . 2 
2 4 . 0 
6 . 8 0 x l O ~ ^ 
3 
l.OM 
M n ( I I I ) 
MxlO^ 
1 3 3 . 0 
-
1 1 9 . 2 
1 0 5 . 4 
8 5 . 2 
7 1 . 8 
6 3 . 4 
5 6 . 8 
4 9 . 8 
4 5 . 4 
4 . 31xl0" 
2 
i . av i 
Mn(IIX) 
MxlO^ 
1 3 3 . 0 
-
1 2 8 . 2 
1 1 5 . 0 
1 0 4 . 0 
8 7 . 4 
8 1 . 6 
2 7 . 2 
6 8 . 8 
6 2 . 0 
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Temperature dependence! The oxidation of IJL-ISO-Valine 
was studied over the temperature range 45 to 60 and 
f a i r l i n e a r i t y was observed in the p l o t s of log ^^-^^ 
against 4 . The effect of temperature on ra te constants 
are shown i n table 34. The energy and entropy of 
ac t iva t ion are ca lcula ted as 23.5 A. Gals/mole and -11.0 
e.u. respect ively . 
Table-34 
Temperature dependence on the oxidation ra te 
DL-lSU-\Aaline=0.146M;H^SO^=3.5?iVi.Mn(III)=O.Ol31M5iun(II)=0.007M 
Tempera tu: 
(°C) 
Time 
(min^ 
0 
20 
40 
60 
80 
100 
120 
140 
160 
180 
Rate 
(min 
re 45 
Mn(III 
MxlO^ 
131.0 
126 .2 
105.6 
88 .8 
75.0 
65.0 
58.6 
. 51.0 
48 .4 
39.6 
cons tan t 
•1^ 2.96x10 
J?lg. 30(A) 
Curve No. 1 
^Time 
(min^ 
0 
1 5 
30 
45 
60 
75 
90 
105 
120 
135 
3 
50 
Mn(III) 
MxlO^ 
131.0 
119 .2 
96.0 
74 .0 
59 .2 
45.6 
38.0 
31.0 
25.2 
21.2 
6.01x10 
2 
Time 
(mini 
0 
10 
20 
30 
40 
50 
60 
70 
80 
-
- 3 
55 
Mn(III) 
Mxio'^ 
131 .0 
110.6 
8 6 . 4 
67.6 
50 .4 
42 .2 
32.8 
24.0 
21.4 
-
10.31x10" 
3 
60 
Mn(III) 
toxio"^ 
131.0 
97.0 
63.6 
42.0 
26.0 
17 .0 
1 2 . 8 
-
-
-
•^ 17.63x10"^ 
4 
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(b) OXiMTlON Oi!" DL-ISO-VALINE wiTil MMGANIC SULPHATE 
iW PRESENCE OJ<' HIGHER CUUCENTRATiOK UH' MAi^ GANOUS 
SULPHATE 
When the c o n c e n t r a t i o n of Mn(l l ) i n t h e r e a c t i o n 
mixture i s above O.livi, and the amino a c i d s a re we l l 
i n excess over manganic s u l p h a t e , t he r e a c t i o n fo l lows 
pseudo-second order K i n e t i c s . Pseudo-second o r d e r 
r a t e c o n s t a n t s r e p o r t e d he re were ob ta ined from the 
s lopes of the p l o t s of i n v e r s e of the c o n c e n t r a t i o n 
of manganic su lphate v e r s u s t ime. The second o r d e r 
r a t e cons tan t i s n e a r l y independent of the c o n c e n t r a t i o n 
of M n ( l I I ) . Resu l t s a r e shown i n t a b l e 35. 
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Table-35 
Dependence of the r a t e c o n s t a n t s on tiie i n i t i a l c o n c e n t r a t i o n 
of Mn(III) stiipiiate 
DL-iso-val ine=0. l6M. H S0^=3. 471Vi.iVin(li)=0. 3O0V1 
Time 
(min) 
0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
i i s . o 
113.0 
94 .4 
75 .0 
6 2.6 
52.2 
42.2 
37.0 
34.0 
30.0 
"~ 
Rate cons tan t „ ^ 
"l "1 ( l .mol .min ) 
^ i g . 
Curve 
31 
No, 1 
Mn„(SO J ^ 2^ 4^  3 
MxlO^ 
91.0 
91.0 
68 .0 
55 .4 
47.0 
42.0 
36.0 
32.8 
29.2 
27.0 
24.2 
3.29 
2 
70.0 
70 .0 
58 .4 
50 . 4 
43.0 
38.6 
33 .2 
31.0 
28.0 
25.6 
24.0 
3.19 
3 
47.0 
47.0 
41.0 
36.8 
34.0 
30.0 
28.4 
27.0 
24.0 
23.0 
21.4 
2.77 
4 
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Influence of manganous sulphatet The effect of adding 
manganous sulphate in to the react ion mixture under 
conditions of constant ion ic s t rength i s shown i n table 36, 
The ion ic s t rength was compensated "by adding the required 
amount of ZnSO,. An inverse dependence on Mn(II) concentrat ion 
i s observed. ZnSO . i t s e l f does not seem to have any effect 
on the r a t e . This was v e r i f i e d by studying the ree^ction i n 
presence of different concentrat ion of ZnSO , keeping other 
var iab les constant. 
Table-56 
The dependence of the rate constants on the i n i t i a l concentrat ion 
of Mn(II) 
DL-iso-valine=0,146M.h S0^=3. 33lVl.Mn(III)=0.0131M 
MnSO 
Time 
(min") 
0 
1 5 
30 
45 
60 
75 
90 
105 
120 
1 3 5 
150 
0.31M 
M n ( I I I ) 
Mxio'^ 
1 3 1 . 0 
1 0 0 . 0 
7 5 . 5 
59 .7 
47 .7 
4 2 . 1 
3 6 . 3 
5L.8 
28.6 
~ 
-
Rate c o n s t a n t _ _„ 
""1 " i ( l . m o l .m in ) 
n g . 32(A) 
Curve No, 1 
0.36M 
iv in( l l l ) 
MxlO^ 
1 3 1 . 0 
1 0 9 . 4 
8 7 . 2 
7 1 . 8 
-
4 9 . 4 
4 2 . 2 
38 .0 
3 3 . 8 
31 .0 
2 8 . 4 
1 .98 
2 
0 , 41M 
M n ( I l I ) 
MxlO'^ 
1 3 1 . 0 
1 1 0 . 8 
8 9 . 0 
6 3 . 4 
-
5 1 . 2 
4 4 . 2 
3 9 . 0 
3 6 . 0 
31 .0 
29 .6 
1 .80 
3 
0.46M 
M n ( I I I ) 
MxlO^ 
1 3 1 . 0 
1 1 3 . 0 
9 4 . 6 . 
7 8 . 2 
-
5 6 . 8 
4 9 . 4 
4 5 . 2 
3 8 . 4 
33 .0 
3 1 . 4 
1 .66 
4 
0.51M 
M n ( I I I ) 
RixlO^ 
1 3 1 . 0 
1 1 3 . 0 
9 4 . 4 
7 9 . 0 
-
5 8 . 4 
5 1 . 2 
4 6 . 8 
42 .6 
3 8 . 4 
35 .0 
1 . 4 2 
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Dependence on EL-I SO-Valinet The dependence o±" ra te 
constant on the concentration or DL-iso-valine was studied 
under iden t i ca l conditions oi ac id i ty ; ionic s t rength and 
Mn(lii) concentration. Results are shown in table 37. To 
determine the order with respect to DL-i so-val ine, the ra te 
constants were divided "by the respect ive concentration of 
the subs t ra te . The quot ients thus obtained were the same, 
i nd i ca t ing thereby the f i r s t order dependence on DL-i so-valine 
concentration. 
Table-57 
Dependence of react ion ra te on the concentrat ion of DL-iso-valine 
H SU^=3. 47M;Mn(IlI)=0.0113IVi.lVin(lI)=0. 3O2IV1 
DL-i so 
Time 
(min) 
0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
- v a l i n e 
Ra te c o n s t a n t 
( l . m o l . m i n 
i l g. 32 
Curve 
i(A) 
No. 
0.16M 
IVin(III) 
MxlO* 
1 1 3 . 0 
9 4 . 4 
7 5 . 0 
6 2 . 6 
5 2 . 2 
4 2 . 2 
37 .0 
34 .0 
30 .0 
2 4 . 4 
3 .43 
1 
0.14M 
IVin(III) 
Mxio'^ 
1 1 3 . 0 
9 6 . 4 
8 0 . 4 
6 8 . 0 
5 9 . 8 
4 9 . 8 
4 2 . 2 
3 8 . 6 
3 4 . 4 
3 1 . 0 
. 2.96 
2 
Time 
(min) 
0 
1 5 
30 
45 
60 
7 5 
90 
1 0 5 
120 
1 3 5 
0.12M 
JVmdl l ) 
MxlO^ 
1 1 3 . 0 
8 9 . 0 
7 2 . 0 
58 .6 
46 .6 
4 0 . 8 
3 5 . 2 
3 0 . 0 
2 7 . 0 
2 5 . 2 
2 .39 
3 
O.IOM 
iVm(III) 
MxlO* 
1 1 3 . 0 
91 .6 
7 5 . 0 
6 4 . 4 
5 1 . 0 
4 4 . 0 
39 .0 
3 5 . 4 
3L.0 
3 0 . 0 
1 .98 
4 
0.08M 
M n ( I I I ) 
MxlO* 
1 1 3 . 0 
9 4 . 4 
8 1 . 4 
7 3 . 4 
6 0 . 4 
52 .6 
4 8 . 0 
4 2 . 0 
3 8 . 4 
36 .6 
1 . 4 4 
5 
Table~58 
F i r s t order dependence on the c o n c e n t r a t i o n of DL- i so -^a l i ne 
H^S0^=3. 47M;Mn(iiI)=0.0113M- Mn(l l )= O.SOgtVi 
DL-iso-va l ine M 0.16 0.14 0 .12 0 .10 0 .08 
^obs ( imol . ' lmin ' -^) 3.43 g.96 g. 39 1.93 1 .44 
obs jfc -. ( l .mol .min ) 
[DL - i so - v a l i n e j 
20.14 21.1 19 .95 1 9 . 8 18 .0 
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In f luence of hydrogen ion:, Keeping ( [ H SO^] + [laHSO J) 
= 5,041V1, su lphur ic ac id has been v a r i e d from 2."EL M to 
5.04 M. The f i r s t o r d e r i n v e r s e dependence of r e a c t i o n 
r a t e on the c o n c e n t r a t i o n of hydrogen i o n i s shown i n 
the fol lowing t a b l e . 
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T a b l e - 5 9 
Dependence of o x i d a t i o n r a t e on t h e c o n c e n t r a t i o n of h y d r o g e n i o n 
DL-iso-val ine-0 .16M;Mn(II I )=0i0l04f i f I -Mn(l I )=0.252Wi- , ( [ H SO^] + 
[UaHSU^] )= 5.041^1 
H SO^ 2.61]Vi 3.22lVi 3.82lVi 4.43i.Vi 5.051V1 
• J ~ M n ( I I I ) M n ( I I I ) ^^^^ M n ( I I I ) M n ( I I I ) JVin(III) 
(mln^ Mxio'^ Mxio"^ (min^ MxlO^ Mxio'^ MxlO^ 
0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
110 
Rate 
104.0 
8 7 . 4 
76 .0 
6 7 . 2 
58.2 
52 .4 
48.2 
43.0 
39.4 
38.4 
34.0 
— 
constant 
—1 ""1 • y 3 
( l .mol .min) 
104.0 
90 .2 
81 .4 
71 .4 
66.0 
60 .4 
55.0 
50.6 
45 .4 
43.2 
39.8 
38.0 
1.49 
0 
20 
40 
60 
80 
100 
120 
140 
160 
180 
200 
220 
104.0 
79 .0 
69 .0 
57 .4 
52.0 
45 .2 
41.0 
37.0 
33.8 
31.6 
28.8 
~ 
1.24 
104.0 
84 .0 
75 .0 
6 7 . 2 
6 0 . 4 
53 .4 
49.8 
46 .8 
42.6 
40.0 
37.0 
34.0 
0.86 
104 .0 
86 .0 
79 .0 
75 .0 
6 7 . 2 
6 0 . 8 
56.8 
51.0 
48 .4 
45 .4 
42 .2 
39.6 
0.70 
i l g . 3 4 UJ 
Curve No. 1 2 3 4 
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Influence of ionic s trength: By adding requ i s i t e amount 
of sodium perchl o ra te , the UL-i so-valine oxidation i s 
studied a t various ionic s t rength. I t was observed tha t 
the increase i n ionic s t rength s l i g h t l y decreases the 
react ion r a t e . Results are summarised i n the following 
t ab le . 
Table-4U 
Dependence of rate constant on ionic s t rength 
riL-iso-valine=0.146M;H SO =3. 32iyi;Mn(ilI)=0.013lM;Mn(lI)=.U.31M 
NaCa 0 ^ 
Time 
(min) 
0 
1 5 
30 
45 
60 
75 
90 
105 
120 
1 3 5 
Rate c o n s t a n t 
( l . m o l • min 
i!'ig. 35 
Curve No, 
O.OM 
JVin(III) 
Mxiu"^ 
1 3 1 . 0 
1 0 0 . 0 
7 5 . 5 
5 8 . 8 
4 8 . 8 
4 2 . 4 
3 6 . 4 
3 2 . 2 
2 8 . 5 
-
.1 2 .37 
1 
O.IM 
M n ( I I l ) 
MxlO^ 
1 3 1 . 0 
1 0 9 . 2 
8 8 . 8 
7 2 . 2 
6 2 . 0 
4 8 . 2 
4 2 . 2 
3 5 . 2 
3 3 . 2 
3 1 . 2 
1.97 
2 
0.2M 
M n ( I I I ) 
Mxio'^ 
1 3 1 . 0 
1 0 9 . 2 
9 0 . 2 
7 4 . 0 
6 0 . 8 
4 8 . 2 
4 2 . 4 
36 .0 
3 2 . 8 
3 1 . 2 
1 . 9 4 
3 
0.4*1 
M n ( I I I ) 
MxlO'* 
1 3 1 . 0 
1 0 9 . 2 
9 0 , 2 
7 4 . 0 
6 2 . 0 
4 9 . 2 
4 3 . 0 
3 7 . 0 
3 4 . 0 
3 1 . 2 
1 . 9 2 
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Temperature dependence*. The ox ida t ion of DL-ISO-Valine 
has been s tud ied a t fou r d i f f e r e n t t empera tu res under 
i d e n t i c a l c o n d i t i o n s of c o n c e n t r a t i o n and i o n i c s t r e n g t h . 
I t i s found t h a t p l o t of l o g k. , v e r s u s -^  gave a s t r a i g h t 
l i n e . The energy and entropy of a c t i v a t i o n has been 
c a l c u l a t e d as 23. 3 K.Cals/mole and 4.0 e .u . r e s p e c t i v e l y . 
Table-41 
Temperature dependence of r e a c t i o n r a t e 
DL-iso-valine=0.146M.HgS0^=.3. 52lVl.,Mn(lII)=0.0131M.Fin(II)=0.42M 
Temper€!.ture 
(°C) 
Time 
(min") 
50 
Mn(III) 
iVixLO^ 
55 60 
Mn( i l i ) iVm(Iii) 
IvixlO^ (min) MxlO 
6 5 
Mn(III) 
IVixlO^ 
0 
1 5 
30 
45 
60 
75 
90 
105 
120 
135 
131.0 
123 .4 
97 .2 
78.0 
65.0 
58.0 
49.6 
44.2 
39.4 
35.4 
131.0 
8 3 . 3 
59.9 
43.9 
40.8 
28.2 
26.0 
c<^* <C 
20.0 
-
0 
10 
20 
30 
40 
50 
60 
70 
-
-
131.0 
8 3 . 3 
58.8 
49.8 
42.0 
32.8 
26.8 
23.0 
-
-
131.0 
66.6 
40.0 
31 .4 
21.2 
1 7 . 4 
1 3 . 4 
-
-
-
Rate cons tan t 
( l .mol .min ) 
F ig . 36(A) 
Curve No. 
.-j^ 2.01 3.80 7.27 10 .61 
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(a) OXIDATION Oi' DL-N-VALINE »»iTM MANGiNlC SULPHATE 
iN PRESENCE OJ' L0«» CONCENTRATION (BELOW O.liVi) Ojj' 
MANGANOUS SULPHATE 
Tlie p r o g r e s s of t h e r e a c t i o n was f o l l o w e d by m e a s u r i n g 
t h e d i s a p p e a r a n c e of mangati ic s u l p h a t e i n t h e p r e s e n c e of 
h i g h c o n c e n t r a t i o n of amino a c i d . The p l o t b e t w e e n l o g a r i t h m 
of c o n c e n t r a t i o n of mangan ic s u l p h a t e and t i m e were s t r a i g h t 
l i n e s , and t h e r a t e c o n s t a n t s were d e t e r m i n e d from t h e s l o p e s 
of t h e s e l i n e s . I t was o b s e r v e d t h a t t h e r a t e c o n s t a n t was 
i n d e p e n d e n t of iVin(lII) c o n c e n t r a t i o n . 
T a b l e ~4g 
Dependence of r e a c t i o n r a t e on manganic s u l p h a t e 
DL-n-va l ine=0 .145M;HgS0^=3 . 23 i5 ivm(l l )= O.OOgiVi 
Time 
(min) 
0 
1 5 
30 
45 
60 
7 5 
90 
1 0 5 
120 
1 3 5 
Ra te c o n s t a n t 
(min~^^ 
P i g . 37 
Curve No, 
1 2 3 . 0 
1 2 3 . 0 
1 0 8 . 0 
8 8 . 1 
7 9 . 3 
6 7 . 2 
5 5 . 2 
4 8 . 4 
4 0 . 3 
35 .9 
31 .0 
4 . 4 4 x l 0 ~ ^ 
1 
MnglS0^)3 
MxlO* 
1 0 0 . 0 
1 0 0 . 0 
8 5 . 6 
7 4 . 2 
55 .7 
4 8 . 1 
4 2 . 0 
3 8 . 0 
31 .6 
27 .6 
-
4. 50x10 "^ 
2 
7 4 . 0 
7 4 . 0 
6 3 . 0 
5 4 . 3 
4 8 . 4 
4 2 . 0 
3 7 . 2 
3 2 . 5 
2 9 . 2 
2 4 . 4 
~ 
4. 25xlO~^ 
3 
3 3 . 3 
3 3 . 3 
2 9 . 2 
25 .7 
22 .6 
20 .6 
1 7 . 8 
1 6 . 2 
1 3 . 4 
1 2 . 6 
-
3 . 8 8 x 1 0 " ^ 
4 
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Influence of mangazious siilphate*. The addi t ion of manganous 
sulphate showed no effect on the ra te constant , when var ied 
upto O.lffl. The r e s u l t s are given below. 
Table-45 
Influence of iVin(lI) concentrat ion on the ra te constant 
DL-n-valine= 0.146M; HgS0^=3. 3glVl;Mn(III)=144. OxloSl 
MnSO^ 
Time 
(min) 
0 
1 5 
30 
45 
60 
75 
90 
105 
120 
1 3 5 
Ra te c o n s t a n t 
(min ) 
P i g . 38 
Curve No. 
0.002lVi 
M n ( l I I ) 
MxLO^ 
1 4 4 . 0 
1 3 3 . 4 
1 0 5 . 2 
8 0 . 4 
6 5 . 2 
50 .0 
40 .8 
3 2 . 6 
25.6 
2 1 . 2 
6 . 4 9 x 1 0 " ^ 
1 
0.008M 
IVin(lII) 
iVixlO^ 
1 4 4 . 0 
1 2 6 . 0 
9 8 . 0 
7 7 . 7 
6 1 . 6 
4 9 . 2 
38 .9 
31 .7 
2 5 . 3 
2 1 . 2 
6 . 5 3 x l 0 ~ ^ 
2 
0 . 0 5M 
IVln(III) 
MxlO^ 
1 4 4 . 0 
1 3 3 . 4 
1 0 5 . 2 
8 0 . 4 
6 3 . 4 
4 7 . 8 
3 8 . 4 
32.6 
2 5 . 4 
2 1 . 2 
6 .41xj .0~^ 
3 
O.IM 
M n ( l I I ) 
MxlO^ 
1 4 4 . 0 
1 3 3 . 4 
1 0 4 . 0 
7 9 . 0 
6 1 . 8 
4 5 . 4 
3 7 . 0 
31 .7 
23 .0 
a.2 
6.68x10"^ 
4 
Dependence on DL-n-valinel Rate constants a t d i f ferent 
substrate concentrat ions were obtained by vaiying EL-n-valine 
concentration keeping other fac tors constant. The f i r s t 
order dependence on substra te was infer red from the p lo t of 
ra te constant versus substra te concentration where a s t r a igh t 
o 
r 1 
7 
1 
< 
> 
r 
z 
m 
n 
0 
z 
n 
m 
z 
^ 
H 
0 
z 
• 
TJ 
O 
\ji 
o ^ • ^ 
> 
< k _ 
D 
m 
"D 
m 
z 
o 
rn 
.<: 
o m 
0 
n 
7) 
m 
> 
o 
u z 
2) 
> 
-\ 
m 
0 
z 
4+Log[Mn(lll)]. 
2 
m 
f 
5' 
o 
( ) 
7 
in 
- t 
> 
z 
0 
z 
o 
', 
z 
1 
r 
z 
n 
O 
z 
o 
m 
z 
-K 
a 
> 
-\ 
0 
z 
•n 
Q 
M 
O 
••—» 
00 
v.^ 
-n 
^ 
i/i 
H 
o 
33 O 
m 33 
n 
m 
TJ 
m 7 
m 
n 
m 
0 
-n 
3) 
> 
-\ 
m 
10 Kobs 
76 
l i n e was o b t a i n e d . Also t h e r a t i o K: -. / [DL-n-va l ineJ gave 
a c o n s t a n t q u o t i e n t . The r e s u l t s a r e suminarised h e l o w . 
T a b l e - 4 4 
Dependence of r a t e c o n s t a n t on t h e c o n c e n t r a t i o n of IHJ-n-v-a l ine . 
H SO = 3 . 231V1; M n ( l i l ) = 59.OxlO~\ .Mn(II )=0.OOglVi 
D L - n - v a l i n e 0.1821V1 0.157M 0.1321V1 0 . 1 0 7 0.091M 
ivin(I i l ) i vm( I i l ) M n ( I I I ) ivin(III) M n ( I I I ) Time 
(min) MxlO IvixlO 4 IVixlO MxlO MxlO 
0 
1 5 
30 
45 
60 
75 
90 
1 0 5 
120 
59 .0 
4 2 . 2 
3 2 . 8 
2 2 . 8 
1 6 . 0 
1 2 . 2 
9 . 4 
6 . 4 
-
5 9 . 0 
4 4 . 0 
3 5 . 4 
25 .6 
1 8 . 6 
1 5 . 8 
1 2 . 0 
9 . 4 
6 . 4 
5 9 . 0 
4 6 . 8 
39 .0 
3 2 . 8 
2 5 . 8 
20 .0 
1 6 . 2 
13.6-
1 0 . 8 
5 9 . 0 
4 9 . 8 
4 2 . 2 
35 .6 
31 .0 
2 5 . 2 
2 0 . 0 
1 6 . 6 
1 3 . 4 
5 9 . 0 
5 1 . 0 
46 .6 
3 9 . 4 
32 .6 
3 1 . 0 
2 8 . 4 
2 4 . 0 
2 0 . 2 
Ra t e c o n s t a n t 
(min ) 
F i g . 39(A) 
Curve Wo. 
9 . 0 S x l 0 ~ ^ 7 . 7 8 x 1 0 " ^ 6 . 1 7 x l 0 " ^ 
1 2 • 3 
5 . 1 1 x 1 0 " ^ 
4 
4 . 4 6 x l 0 ~ ^ 
5 
T a b l e - 4 5 
i l r s t o r d e r dependence on t h e c o n c e n t r a t i o n of D L - n - v a l i n e 
HgSO^= 3 . 23M; IVin(lII) = 59 . O x l O ~ \ ; M n ( I I ) = 0 . OOgiVI 
D L - n - v a l i n e iVl 
10^ k . imin'h 
obs ^ 
10^ k , (min"-'-) 
obs 
[EL-n-valine] 
0.182 0.157 0.132 
9.08 7.78 6.17 
49.8 49.5 46.7 
0.107 0.091 
5.11 4.46 
47.7 49.4 
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influence of hydrogen ion*. i<'or studying the effect of 
hydrogen ion on the rate, experiments were performed 
with d i f ferent concentrations of sulphuric acid. Ionic 
s trength and sulphate content of the reac t ion mixture 
was maintained constant by adding r equ i s i t e amounts of 
sodium hydrogen sulphate. Obseivations a t d i f ferent 
hydrogen ion concentrations are tabled below. An inverse 
f i r s t order dependence on hydrogen ion concentrat ion i s 
observed. 
Table-46 
Dependence of hydrogen ion on the reac t ion ra te 
DL-n-valine=0,145lVi.lVln(iII) =127.0x1 o\.lVin(II)=0.002lVi;( [H^SO^] 
+ [NaHSO ] ) = 4.77M 
"z^i 
Time 
(min) 
0 
20 
40 
6 0 
8 0 
1 0 0 
1 2 0 
1 4 0 
1 6 0 
1 8 0 
200 
220 
4.77M 
iv in( i l i ) 
4 
MxlO 
1 2 7 . 0 
1 2 0 . 0 
1 1 4 . 0 
1 0 6 , 0 
1 0 3 . 5 
9 8 . 2 
9 3 .2 
8 8 . 3 
8 4 . 9 
8 1 . 7 
6 8 . 4 
-
Rate c o n s t a n t 
( m i n - l ) 1 . 5 3 x 1 0 - 3 
F i g . 40(A) 
Curve No. 1 
4,14M 
m n ( i i i ) 
MxlO^ 
1 2 7 . 0 
1 1 9 . 0 
1 1 3 . 5 
1 0 7 . 2 
1 0 1 . 2 
9 5 . 8 
91 ,7 
8 8 . 1 
8 2 . 2 
7 7 . 4 
7 4 . 7 
7 0 . 0 
1 . 5 7 x 1 0 " 
2 
Time 
(min) 
0 
1 5 
30 
4 5 
6 0 
7 5 
90 
1 0 5 
1 2 0 
1 3 5 
1 5 0 
1 6 5 
3 
3 . 51M 
M n ( I I I ) 
MxlO^ 
1 2 7 . 0 
1 1 9 . 4 
1 0 9 . 4 
1 0 4 . 0 
1 0 1 . 0 
9 3 . 0 
8 5 . 2 
-
7 3 . 2 
6 8 . 0 
6 4 . 2 
6 1 . 0 
2 . 29x10 "3 
3 
2. 88M 
ivin( i i l ) 
Mxio"^ 
1 2 7 . 0 
1 1 5 . 0 
1 0 5 . 0 
1 0 1 . 0 
8 7 . 4 
8 1 . 4 
7 4 . 8 
6 6 . 8 
6 0 . 4 
5 4 . 0 
4 9 . 8 
46 .6 
2 . 7 2 x 1 0 ' ^ 
4 
2 . 2 5 1 
M n ( I I I ) 
iVixlO^ 
1 2 7 . 0 
1 1 3 . 0 
1 0 4 . 0 
9 3 . 0 
8 1 . 6 
7 5 . 0 
6 8 . 0 
5 9 . O i ^ 
53 .6 \^^ 
46 .6 
4 1 . 0 
3 7 . 0 
3 . 2 8 x 1 0 - 3 
5 
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I n f l u e n c e of i o n i c s t r e n g t h ! The e f f e c t of i o n i c s t r e n g t h 
was s t u d i e d by v a r y i n g t h e c o n c e n t r a t i o n of sodium 
p e r c h l o r a t e . A n e g a t i v e s a l t e f f e c t i s o b s e r v e d . R e s u l t s 
a r e shov/n i n t h e f o l l o w i n g t a b l e . 
T a b l e - 4 7 
Dependence of i o n i c s t r e n g t h on t h e r a t e c o n s t a n t 
D L - n - v a l i n e = 0 . 1 451V1; H„SO ^= 3 . 2SIVl:Mn(lil) = 1 3 1 . 0x l0~%i 
lVin(II)=0.OO?M. 
NaClO 4 O.OM o.gvi l .OM 2.0M 3 . OiVi 
Mn(I i l ) 
4 
MxlO 
Time 
(min) 
Mn(III) 
MxlO^ 
Mn(IlI) 
MxlO^ 
iVin(III) 
ivixlO^ 
M n ( l l l ) 
MxlO* 
0 
1 5 
30 
45 
60 
75 
90 
105 
120 
135 
131.0 
101.0 
77 .0 
55.2 
43.2 
32.8 
23.0 
19 .0 
1 5 . 4 
1 1 . 8 
131.0 
101.0 
97.6 
81 .4 
73 .4 
59 .4 
49.6 
44 .4 
38.2 
34.0 
131.0 
109 .0 
8 6 . 4 
70 .8 
58 .4 
44.2 
36.0 
33.0 
25.8 
23.0 
131 .0 
111 .0 
96 .0 
8 6 . 2 
7 7 . 4 
7 0 . 2 
65 .0 
52.6 
45.6 
39.0 
131.0 
119 .4 
1 0 5 . 4 
9 7 . 4 
8 8 . 8 
7 9 . 2 
74.0 
6 7 . 4 
6 0 . 4 
50.6 
Rate cons tant _ , „ 
(min"-'-) 7.82x10 ^ 5.7 3xL0~"^ 
J^lg. 4L 
Curve Mo. 5 4 
5.70xlO~^ 
3 
3.66x10"*^ 
2 
2. 91x10 
1 
- 3 
Temperature dependence I The r e a c t i o n has been s t u d i e d 
over a temperature range 45 to 60 C and a f a i r l i n e a r i t y 
was observed i n the p l o t s of l o g k ^ v e r s u s t empera tu re 
i n v e r s e . The e f f ec t of tempera ture on r a t e cons tan t i s 
4+Log [Mn (Ul)] 
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Shown in table 48, The energy and entropy of ac t iva t ion 
i s calculated as 25.4 K..Cals/mole and-0JL7e.u, respect ively . 
Table-48 
Temperature dependence of oxidation ra te 
-4 ,„ ]3L-n-valine-0.146M.H SO =3.52f'l;Mn(III)=13l.OxlO lVi;Mn(II):=0.007JV; 
Tempe 
Time 
(min) 
0 
20 
40 
60 
80 
100 
120 
140 
160 
180 
200 
Ra te 
(min 
i r a t u r e 
•o) 
c o n s t a n t 
J^lg. 42(A) 
Curve ! Jifo. 
45 
iv in(I i l ) 
ivixio'* 
1 3 1 . 0 
1 2 6 . 0 
1 1 1 . 0 
97 . 2 
8 4 . 0 
7 7 . 2 
6 8 . 0 
6 2 . 6 
5 6 . 8 
5 1 . 0 
4 3 . 0 
2 . 4 3 x 1 0 " ^ 
1 
Time 
(min) 
0 
1 5 
30 
45 
60 
75 
90 
1 0 5 
120 
135 
150 
50 
i n n ( l i l ) 
MxlO^ 
1 3 1 . 0 
1 1 3 . 0 
9 3 . 5 
1 9 . 6 
6 6 . 2 
5 2 . 2 
42 .0 
36 .0 
2 8 . 4 
2 2 . 8 
1 6 . 8 
5 . 9 6 x l 0 ~ 
2 
Time 
(min) 
0 
10 
20 
30 
40 
50 
60 
70 
80 
-
— 
3 
55 
M n ( I I I ) 
IVlxlO^ 
1 3 1 . 0 
1 1 5 . 0 
9 6 . 0 
7 9 . 0 
6 4 . 4 
5 1 . 0 
4 2 . 0 
SL.6 
28 .0 
-
— 
8 . 7 9 x l 0 " ^ 
3 
60 
M n ( I I I ) 
MxlO^ 
1 3 1 . 0 
1 0 2 . 4 
6 9 . 8 
46 .0 
3 1 . 0 
23 .0 
1 5 . 0 
-
-
-
"" 
1 5 . 9 8 x 1 0 ~ 
4 
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(b) UXiDATiON OiJ' J3L-]Jf-\fALiNE MlTri iViAHGANiG SULPtlA'i'E 
liM PSESENCE Oi' lUGti CulJOEiJTHATiUi\ OJ^ ' MMGANOUS 
SULPHATE 
T r i a l and e r r o r p l o t s of r a t e d a t a , f o r r u n s w i t i i 
e x c e s s amino a c i d and manganous s u l p l i a t e , i n d i c a t e d t h e 
r e a c t i o n was second o r d e r i n M n ( i i l ) , I n v e r s e of M n ( I i l ) 
c o n c e n t r a t i o n v e r s u s t i m e p l o t was a s t r a i g h t l i n e and 
i t s s l o p e y i e l d e d k , . The r a t e c o n s t a n t s a r e found 
t o be n e a r l y i n d e p e n d e n t of t h e c o n c e n t r a t i o n of iv in( i i i ) . 
The r e s u l t s a r e summarised i n t a b l e 4 9 . 
T a b l e - 4 9 
Dependence of r e a c t i o n r a t e on manganic s u l p h a t e 
D L - n - v a l i n e = 0 . 1 4 a i - H S0^=3 . 23LVi-, lVin(II)= 0 . 3 0 2 M. 
Time 
(min) 
0 
1 5 
30 
45 
60 
75 
90 
1 0 5 
120 
Rate com 
d.mol*-'-, 
-f'ig. 43 
Curve No, 
s t a n t 
.min ) 
» 
1 2 9 . 0 
1 2 9 . 0 
1 0 2 . 4 
7 9 . 0 
6 0 . 4 
4 6 , 4 
37 ,0 
31 .0 
27 .0 
23 .0 
3.26 
4 
iVmgCSO^)^ 
MxlO^ 
iia.o 
1 1 0 . 0 
7 4 . 8 
6 2 . 0 
4 6 . 8 
3 7 , 0 
32 .8 
2 8 . 0 
22 .8 
2 0 , 2 
3 .48 
3 
7 6 . 0 
7 6 . 0 
5 5 . 0 
4 6 . 8 
3 9 . 4 
3 3 . 0 
2 9 . 8 
2 6 . 0 
2 2 . 8 
2 1 . 2 
2 . 8 4 
2 
35 .0 
3 5 . 0 
2 8 . 8 
2 7 . 4 
21.6 
1 7 . 4 
1 6 . 6 
1 6 . 0 
1 4 . 4 
1 3 . 0 
4 . 0 5 
1 
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Influence of manganous sulphate I The addi t ion of manganous 
sulphate i n the react ion mixture retarded the reac t ion ra te 
and the re ta rda t ion assumed a highest value a t 0.?i5M onwards. 
The react ion ra te showed an inverse dependence on i n i t i a l 
concentrat ion of Mn(ll) , of course, when the i n i t i a l 
concentration of IVin(II) was var ied from U.glVi to 0.33vi. The 
constant ionic strength was maintained by adding r equ i s i t e 
amount of ZnSO . . Zinc sulphate i t s e l f has no effect on the 
react ion r a t e . 
Table-50 
Dependence of react ion ra te on ivin(ii) concentrat ion 
nL-n-valine=0.1461VIYH SO =3.32M-,lVin(iII)=144.0xlO~\ 
ivmSO . 
Time 
(min) 
0 
15 
35 
45 
60 
75 
90 
1 0 5 
120 
Rate c o n s t a n t 
( l . m o l . m i n 
Curve 
44(A) 
No. 
0 . ELM 
ivm(III ) 
MslO^ 
1 4 4 . 0 
9 1 . 4 
5 5 . 5 
4 7 . 1 
3 5 . 3 
29 .0 
2 5 . 2 
2 1 . 2 
1 8 . 8 
3 .93 
) 
1 
0.26M 
iwn(II I ) 
Mxio'^ 
1 4 4 . 0 
1 1 3 . 0 
7 6 . 0 
6 0 , 4 
50 .6 
3 9 . 4 
3 1 . 4 
2 5 . 4 
2 3 . 0 
3.20 
2 
0.31M 
iVin(III) 
MxlO^ 
1 4 4 . 0 
1 1 3 . 0 
7 8 . 4 
6 3 . 4 
5 3 . 4 
46 .6 
3 9 . 0 
33 .6 
3 0 . 8 
2 .50 
3 
0 . 36M 
ivin(I i l ) 
MxlO^ 
1 4 4 . 0 
1 1 3 . 0 
7 9 . 0 
6 9 . 0 
5 8 . 4 
4 7 . 8 
39 .0 
3 5 . 0 
31 .6 
2. 22 
4 
0.41iVl 
M n ( I I I ) 
MxlO'^ 
1 4 4 . 0 
1 1 5 . 2 
8 6 . 6 
7 0 . 8 
5 6 . 8 
45 .6 
3 9 . 4 
32 .6 
3 0 . 0 
2 . 2 5 
5 
0.46M 
iVin(III) 
MxlO^ 
1 4 4 . 0 
1 1 5 . 2 
8 7 . 2 
7 2 . 0 
5 9 . 2 
4 6 . 8 
4L.0 
35 .6 
31 .6 
2 . 1 5 
6 
0 . 51ivi 
M n ( I i i ; 
MxlO^ 
1 4 4 . 0 
1 1 5 . 2 
8 7 . 2 
7 3 . 4 
6 0 . 4 
4 9 . 2 
4 1 . 2 
36 .0 
31 .6 
2 .11 
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Dependence on DL-n-valinet The order of the react ion 
with respect to DL-n-valine was obtained by varying i t s 
concentration and keeping the other va r i ab l e s constant . 
The observed pseu do-second order r a t e constant when 
divided by the amino acid concentrat ion gave a constant 
quotient. This shows tha t the order i s one with respect 
to amino acid. 
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Table-SL 
Dependence of ra te constant on DL-n-valine concentration 
HgS0^=3. 23lVl-,Mn(lII)=61.0xlO~%.,Mn(lI)=0. 3021V1 
D L - n - v a l i n e 
Time 
(mln) 
0 
1 5 
30 
45 
60 
75 
90 
1 0 5 
120 
Rate c o n s t a n t 
-1 -1 ( l . m o l .min ) 
P i g . 
Curve 
45(A) 
! No, 
0 . 1 8 21V1 
M n ( I I I ) 
Mxio"^ 
6 1 . 0 
4 2 . 2 
SL,4 
2 4 . 4 
1 8 . 8 
1 7 . 2 
1 3 . 4 
1 1 . 6 
1 0 . 4 
7 . 0 2 
1 
0»157M 
M n ( I I I ) 
MxlO'^ 
6 1 . 0 
4 5 . 2 
3 4 . 0 
26 .8 
24 .0 
1 8 . 4 
1 5 . 6 
1 3 . 0 
1 2 . 0 
6 . 0 2 
2 
0.l32lVi 
M n ( I I I ) 
MxlO^ 
6 1 . 0 
45 .6 
37 .0 
2 9 , 2 
2 5 . 2 
2 2 . 2 
1 8 . 3 
1 6 . 4 
1 3 . 4 
4 .77 
3 
0.107M 
M n ( I I I ) 
MxLO^ 
61.U 
4 6 . 8 
3 9 . 4 
3 4 . 0 
28 .6 
24 .0 
2 1 . 4 
1 9 . 2 
1 6 . 4 
3 .98 
4 
0.091M 
M n ( I I I ) 
MxlO^ 
6 1 . 0 
4 8 . 4 
4 2 . 2 
3 8 . 4 
32 .6 
28 .6 
2 5 . 4 
2 4 . 2 
2 1 . 4 
3 .29 
5 
Table-52 
First order dependence on the concentration of 
DL-n-v a l i n e 
HgS0^=3. gavi; lVm(lII)= 6 1 . 0 x l 0 " \ . M n ( I I ) = 0 . 3 0 2lVi 
kQ^^CLmol" .min" ) 
[DL -n -V a l i ne] 
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DL-n-Taline M 0.182 0.157 0.132 0.107 0 .091 
obs k , ^(l.mol~-'-.inin~^) 7 .02 6 .02 4.77 3.98 3.29 
38.5 38 .3 36.1 36.7 36.6 
In f luence of hydrogen i o n ; The hydrogen i on dependence 
of the o x i d a t i o n r a t e f o r c o n d i t i o n s of c o n s t a n t i o n i c 
s t r e n g t h i s shown i n t a b l e 53. The c o n s t a n t i o n i c 
s t r e n g t h was manipula ted by adding r e q u i r e d amount of 
NaHSO . The hydrogen i o n c o n c e n t r a t i o n was c a l c u l a t e d 
from the v a l u e s ob ta ined from the r e s u l t s of Waters 
( l o c . c i t e ) . Hydrogen i o n c o n c e n t r a t i o n has an i n v e r s e 
dependence on the r e a c t i o n r a t e . 
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Table-55 
Inf luence of hydrogen ion c o n c e n t r a t i o n on the r a t e cons t an t 
•n-valine=0.145fi 
[NaHSO^] )= 4.7711 
riL- li . iVi.,ivin(liI)=143.0xl0"\.ivin(II)=U.30slVl; ([HgSO^] + 
H SO^ 2.25k 2 .88M 3.51M 4.14iVl 4.77iVl 
• ^ ~ iVin(III) iVin(III) Mn(III) ^ ~ Mn(III) Mn(III) 
imTn) kxio'^ iVixLO'^  Mxio"^ (min) Mxio'^ MxlO^ 
0 
15 
30 
45 
60 
75 
90 
105 
120 
135 
143.0 
102.6 
90 .2 
80 .0 
72.0 
56.8 
52.6 
47.6 
44.0 
40.6 
143.0 
101.0 
94.6 
8 5 . 2 
76.0 
62.0 
57.0 
52.4 
48.0 
44.0 
143.0 
107 .4 
95.8 
89 .0 
8 0 . 4 
65.0 
62 .0 
57.6 
54.0 
-
0 
20 
40 
60 
80 
100 
120 
140 
160 
— 
143.0 
97.0 
84 .0 
75 .0 
65 .0 
59 .4 
50 .4 
45 .4 
41.0 
-
143.0 
99 .0 
8 5 . 2 
76 .0 
6 7 . 2 
61 .0 
54.0 
48.9 
46.0 
-
Rate cons tan t 
( l .mol .min ) 
P ig . 46(A) 
Curve No. 
1.28 
1 
1.11 
2 
1.05 
3 
1.01 
4 
0.96 
5 
Influence of ionic strength*. The Kinet ics was followed 
a t different ionic s t rength, keeping other va r i ab l e s 
unchanged. The ionic s t rength of the system was changed 
by adding varying amount of sodium perch lora te . A 
negative s a l t effect was observed. 
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T a b l e - 5 4 
E f f e c t of i o n i c s t r e n g t h on t h e o x i d a t i o n r a t e 
DL-n-va l ine=0.145M-H S0^=3 . 2 3 M ; M n ( l I I ) = l 2 5 . 0 x l O ~ \ ; i V i n ( l I ) = 0 . SOEIVi 
NaCLO O.OM O.avi l.OM 2. UiVl 
Time M n ( I I I ) M n ( I I I ) M n ( I I I ) M n ( I I I ) 
(min) WixLQ^ MxLO^ MxlQ^ MxlO^ 
0 
15 
30 
45 
60 
75 
90 
1 0 5 
120 
R a t e constant__^ 3^43 ^^ ^g ^^^3 ^^^ 
125.0 
92.0 
70.8 
50.4 
38.4 
32.8 
25.2 
22.6 
20.0 
125.0 
96.0 
76.0 
62.0 
45.6 
37.0 
31.4 
28.0 
24.4 
125.0 
99.0 
84.0 
69,0 
55.2 
47.0 
40.8 
36.0 
32.8 
125.0 
107.6 
90.2 
78.4 
67.2 
62.0 
51.0 
45.2 
38.2 
( l .mol. .min ) 
J?'ig. 47 
Curve Ho. 
Temperature dependence; The react ion has been studied 
over a temperature range 50° to 6 5°C and a f a i r l i n e a r i t y 
was observed in the p l o t s of log Jc , against temperature 
inverse . The effect of temperature on ra te constant i s 
shown i n table 55. The energy and entropy of a c t i r a t i o n 
are found as 25.0 K.Cals/mole and 9.6 e.u. respec t ive ly . 
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Table-55 
Temperature dependence of o x i d a t i o n r a t e 
2 4 
DL-n-valine=0.14a<i-,H SO =3.5glvi-Mn(lII)=l3l .0xl0~\i .Mn(II)=0,416M 
Tempera tu re 
(°C) 
Time 
(min) 
0 
1 5 
30 
45 
60 
7 5 
90 
1 0 5 
120 
1 3 5 
R a t e c o n s t a n t 
d .mol ' - ' - .min"- ' - ) 
J^lg. 48(A) 
Curve No. 
50 
IVin(III) 
MxLO^ 
1 3 1 . 0 
1 8 2 . 4 
9 7 , 2 
7 8 . 4 
6 5 . 2 
5 3 . 4 
4 6 . 8 
39 .0 
3 5 . 2 
31 .0 
2 .78 
4 
55 
M n ( I I I ) 
MxlO^ 
1 3 1 . 0 
1 0 5 . 6 
7 3 . 2 
5 2 . 8 
3 9 . 8 
32.6 
2 5 . 4 
21.6 
1 8 . 6 
1 7 . 4 
4 .00 
3 
Time 
(min) 
0 
10 
20 
30 
40 
50 
60 
70 
60 
iVin(III) 
Mxio'^ 
1 3 1 . 0 
1 0 7 . 2 
7 9 . 2 
5 3 . 2 
4 1 . 0 
29 .6 
2 4 . 4 
1 9 . 6 
8 . 3 1 
2 
6 5 
M n ( I I I ) 
MxlO^ 
1 3 1 . 0 
6 2 . 5 
3 7 . 0 
2 4 . 3 
1 9 . 0 
1 4 . 4 
1 2 . 0 
-
1 1 . 3 0 
1 
CHAPTER VI 
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DiSCUSSiUM 
The l i L e r a t u r e on o x i d a t i o n of o rgan ic and i n o r g a n i c 
compounds by Mn(lI I ) i s though voluminous, the mechanism 
has not y e t been c l e a r l y unders tood and the r o l e of Bin(II) 
has eve r since been a puzgile, Mn(ll) , which has qui te a 
pronounced i n h i b i t o r y e f f e c t i n Mn(II I ) o x i d a t i o n of 
44 41 48 49 
formaldehyde, malonic ac id , Maleic and fumaric a c i d s 
44 
seems to have no e f f e c t on the o x i d a t i o n of cyclohexanone, 
Mn(III) o x i d a t i o n s are u s u a l l y e i t h e r ze ro , f i r s t or second 
o rde r i n M n ( l I I ) . Oxida t ion of foimaldehyde and cyclohexanol 
was k i n e t i c a l l y s i m i l a r bu t i n t h e case of formaldehyde which 
was of the f i r s t o rde r i n ox idan t f o r about 95 ° /o of the 
r e a c t i o n . As the c o n c e n t r a t i o n of Mn(l I I ) was i n c r e a s e d 
s u f f i c i e n t l y , the magni,tude of the f i r s t o r d e r r a t e cons tan t 
i n c r e a s e d showing a h i g h e r o r d e r term i n Mn(l I I ) and t h i s 
was exp la ined i n terms of a s ide r e a c t i o n i nvo lv ing Kn(lV) 
s p e c i e s . For the ox ida t i on ot Hg(l) by Mn(lll) p e r c h l o r a t e 
s o l u t i o n i n the presence of exces s of Mn( I I ) , Rosseinsky h a s 
proposed the fo l lowing r a t e e q u a t i o n . 
d[Mn(III)] 
dt 
= k^  K(lII)][(Hgl) Jyj-^ ^gllj +kg[(Hgl)j[Mn(iII)J 
[Mn(ll)] 
8 8 
Furthermore, Rosseinsky has proposed that besides Mn(lII) 
which i s the main oxidising species, iVln(lV) also en te r s in 
the react ion and has a t t r i bu t ed the inh ib i to ry effect of Mn(ll) 
i n terms of the following equil ibrium. 
2 Mn(lII) -^  ten(lV") + Mn(II) 
41 v/aters and Drummond, i n the oxidation of malonic acid 
by manganic pyrophosphate which was unusual i n being second 
order i n Mn(lII) have explained the inh ib i to ry ef fect of Mn(ll) 
assuming tha t the intermediate complex of IVm(III)-malonic 
acid gives iv.n(ll) and a free radica l i n a revers ible way 
preceding the rate determining s tep. 
The r e s u l t s presented i n t h i s t h e s i s show t h a t Mn(lII) 
oxidation of a l l the four amino acids studied follow a s imi la r 
k i n e t i c s and the nature of the react ion i s very much dependent 
on the concentration of Mn(II) pj^esent in the react ion mixture. 
The iregults are summarised as follows. 
Oxidation of amino acids with Mn(III) sulphate in the presence 
of low (below O.QlftQ concentrat ion of Mn(II'l . 
The Inact ion showed a f i r s t order dependence on ffin(III) 
when the i n i t i a l concentration of Mn(II) present in the reac t ion 
mixture was l e s s than O.OIM, however, t h i s l i m i t for EL-n-valine 
was s ign i f ican t ly high (O.IM). The react ion rate was 
independent of the Mn(ll) concentrat ion, so long as i t s 
8 9 
c o n c e n t r a t i o n was w i t h i n tlie c o n c e n t r a t i o n range mentioned 
above. 
The r e a c t i o n showed f i r s t o rde r dependence on amino 
a c i d and an inve r se f i r s t o rde r dependence on hydrogen i on 
concen t r a t i on . The r a t e was independent of i o n i c s t r e n g t h 
except fo r a nega t ive s a l t e f f e c t fo r DL-iso-and normal-
v a l i n e . 
The a c t i v a t i o n pa rame te r s are as fo l l ows . 
k^^gCmin"-^) 1* (K. c a l s mole""'-) AS^ ( e .u ) 
- 1 3 . 5 
- 6 .8 
- 1 1 . 0 
- 0.17 
amino ac id = 0.145tvi5Mn(lII)=131. 4 x l O ~ \ . H SO =3 . 5?M; 
Mn(ll) =0.007 41V1. 
Oxidat ion of amino a c i d s w i th M n d l l ) su lpha te i n the presence 
of hig:h c o n c e n t r a t i o n of Mn(ll) . 
I n the presence of l a r g e r c o n c e n t r a t i o n (above O.IM) of 
IVin(lI), the r e a c t i o n showed a second o r d e r dependence on 
Mn(lII) w i th an i n h i b i t o r y e f f e c t of iVin(II) . 
Glycine 
DL "a-a lan ine 
DL-i so-va l ine 
PL-n-val ine 
a t 50°C 
6 .52xl0~^ 
4.15x10"^ 
6.00x10"^ 
6.00x10""^ 
21.1 
23.6 
23.5 
25 .4 
90 
The react ion sh-owed f i r s t order dependence on amino 
acid and an inverse f i r s t order on hydrogen ion concentration 
and a negative s a l t e f fec t . 
The ac t iva t ion parameters in the case of high concentrat ion 
of Mn(ll) are as follows. 
k^^ d.mol'-'-.min""-^) E" (K. Cals mol"-^) AS^Ce.-u.) 
a t 50°G 
Glycine 0.51 23.5 2.3 
DL-a-alanine 1.11 23.2 2.4 
DL-i so-valine 2.00 23.3 4.0 
DL-n-valine 2.80 25.0 9.5 
amino acid =0.145it;Mn(llI)=13l. 4x l0~ \5 H S0^=3. 52M 
iyin(ll)=0. 42lVi. 
At the lower concentration of i'*ln(ll) , the react ion i s 
f i r s t order in Mn(lII) and independent of Mn(ll) concentrat ion. 
This shows tha t iVin(lV) i s not involved in the react ion and 
i f at a l l , the backward reac t ion of the equil ibrium 
2 Mn(III) - Mn(IV) + Mn(ll) 
i s not s ignif icant and Mn(lt) i s unable to compete with the 
reductant species. In the oxidation of formaldehyde and 
44 formic acid by manganic sulphate, Kemp and waters have 
remarked tha t ions of Mn(lV) have a much higher redox p o t e n t i a l 
91 
than Mn(I i l ) and consequent ly a small c o n c e n t r a t i o n of 
ivin(ll) should e f f e c t i v e l y e l i m i n a t e any o x i d a t i o n by Mn(lV) 
i n s o l u t i o n s of Mn(lII) s u l p h a t e . This r u l e s out the 
p o s s i b i l i t y of ito(lV) as be ing the o x i d i s i n g s p e c i e s i n 
presence of h i g h c o n c e n t r a t i o n of k n ( l l ) and hence i n b o t h 
the cases low as wel l as h igh c o n c e n t r a t i o n of iVin(IC), the 
p o s s i b i l i t y of iVin(l\/) as be ing the main o x i d i s i n g s p e c i e s 
i s ru led out . 
36 41 35 
The ox ida t i on of p i n a c o l , malonic a c i d , a-iiydroxy a c i d s 
50 
and pyruvic ac id by manganic pyrophosphate i on have been 
proposed by Drummond and VKaters through the complex format ion 
wi th manganic pyrophosphate anion which t hen b r eaks down to 
give free r a d i c a l s ( d e t e c t e d by the i n i t i a t i o n of p o l y m e r i s a t i o n 
i n v i n y l cyanide) . 
However, i n the p r e s e n t i n v e s t i g a t i o n a c r y l o n i t r i l e gave 
a p o s i t i v e t e s t f o r the presence of f ree r a d i c a l s i n the 
r e a c t i o n mix ture . I n view of t h i s o b s e r v a t i o n , i t i s concluded 
t h a t aminoacids are being ox id i s ed by f r e e r a d i c a l mechanism, 
i ' u r the r a t lower c o n c e n t r a t i o n of ivn(l l ) , the r e a c t i o n i s 
f i r s t o rder wi th r e s p e c t to Mn(l I I ) bu t a s the c o n c e n t r a t i o n 
of Mn(ll) becomes h igh , the r e a c t i o n deve lopes a second o r d e r 
dependence on M n ( I H ) w i t h an i n h i b i t o r y e f f e c t of Mn(II) . 
I n view of the above the most p robab le r e a c t i o n sequence 
i s as fo l lows . 
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^+1 
ivm'^ + HA"*" '^  Mn A ^ + H"^  — Fast — ( l ) 
+ 2 
Mn A*^ ^ Mn^^ + A' Slow — - (g) 
A* + Mn*^ 2 > Product + Mn^ "^  Past —- (3) 
mo de r a t e l y 
(where HA s tands fo r the p r o t o n a t e d amino a c i d molecule and 
A* for the free r a d i c a l ) . 
?+ 
I t i s t he re fo re expected t h a t when IVin c o n c e n t r a t i o n i s 
low, the r a t e determining s tep i s the forward r e a c t i o n of 
equa t i on ( 2 ) . On the o t h e r hand, when Mn c o n c e n t r a t i o n i s 
h igh ly i n c r e a s e d the c o n c e n t r a t i o n of A* becomes too low 
mailing the r e a c t i o n (3) r a t e de te rmin ing s t e p . 
Thus a t lower c o n c e n t r a t i o n of Mn(ir) i n the r e a c t i o n 
mix tu re , t he i n a c t i o n r a t e i s given as f o l l ows . 
React ion r a t e = k „ [Mn A ^ ] 
[ivm^] [HA"*"] 
= +^2 ^  [7] (^) 
- ^obs [-^-^J 
[ H A ^ 
where k , = k „ K ^ ^ , 
obs +2 1 [-H+J 
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Tills e x p l a i n s my r e s u l t s on the manganic o x i d a t i o n of 
four amino a c i d s s t ud i ed v i z . , g l y c i n e , DL-a-alanine and 
DL-iso and normal -va l ine i n the presence of low c o n c e n t r a t i o n 
of ivm '^*'. 
I n presence of h i g h c o n c e n t r a t i o n of Mn i n the r e a c t i o n 
mix tu re , s tep (3) becomes r a t e c o n t r o l l i n g . 
React ion r a t e = k^ [A*] [Mn"^J ( i ) 
Applying s teady s l a t e to [ A ' J and [_lVin A J we have, 
k^g [inA^] = k^g [lVln^ "^ ][Aj + k^  [A*] [kn^] (ii) 
k^ -j_ [ivm^] [riA^] + k [liin^^] [A*J = k_^[MnA^] [ H ^ ] 
+k_^g [MnA^] ( i i i ) 
[jvinA^] = 
k^ ^ [ M n 3 ^ ] M ^ k U ^ ] [A-J 
-^1 M ^Xs 
p u t t i n g t h i s value of UinA J i n e q u a t i o n ( i i ) , we have 
* icj [A-J [mn^] 
* It, [A-J[Mn'*] 
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ru+7 . >. ^ r u+i , v - 2 L -i 31- ^ L J 
"^-iKJ-^E " '^-li^hK: ""' 
3 +2 
Wow substiiTUting t h i s va lue of j_A*J i n ( i ) , we have 
React ion r a t e = 
^^l^+P^.-^ [HA-^JUn^J 
k_3^k_g[H+][Mn2+J+ic.^k3|ivin=5+J[H-^7+ Ic^k^^ [ l / l n ^ ] 
The l a s t two teriJis of the denominator are n e g l i g i b l e i n 
comparison t o the f i r s t , and the above reduces to the fo l lowing 
2 
k k k [HA''][jVm^] 
React ion ra te= ^ - ,-, p—51=, i^) 
k_^ ic_g [H-'JLMn^+J 
i ; \ ir ther a s the c o n c e n t r a t i o n of HA and Mn are very much 
3+ + ?+ 
i n excess over t h a t of Mn , the c o n c e n t r a t i o n of HI and Mn 
can thus be assumed to remain cons tan t i n a given run. The 
exp re s s ion (B) , thus s i m p l i f i e s t o , 
obs 
[HA*] 
React ion r a t e = k „ v _ [ i ^ i n ^ J 
where k -^, = KT K„ k 
obs - 1 2 3 [H-^][Mn2+] 
95 
This explains my observations on the oxidation of amino 
acids in presence of higher concentrat ion of iVin(Il) . 
I t i s c lea r from the equation (A) that a p lo t between 
1 
k •, versus T ,=r should pass through the o r ig in and i t has 
been found so ( f ig . 4B, 16B, 28B and 40B). 
The ti«nd of va r i a t i on in the values of ra te constants , 
ac t iva t ion energies , E, and the ent ropies of ac t iva t ion , ^S , 
show that i t i s the entropy of ac t iva t ion and not the ac t iva t ion 
energy tha t overweights i n determining the ra te of oxidation 
of amino acids . Larger values of A S for n-valine as compared 
to those for other members of the s e r i e s , imply that the 
probabi l i ty of formation of the act ivated complex of n-valine 
i s l a r g e s t . In going from the condit ion of low concentration 
of ivmSO. to i t s high concentrat ion condition* the ac t iva t ion 
energy for the oxidation of the same amino acid remains almost 
constant, whereas the rate constant and entropy of ac t iva t ion 
vary. This again shows that i t i s entropy change that matters 
in t h i s case. 
Under both the condi t ions of i nves t iga t ion v i z . , low and 
high concentration of iVin(ii) i n the react ion mixture, the 
formation of NH ,^ keto acid, aldehyde and the corresponding 
carboxylic acids have been detected. The mechanism may be 
schematically wr i t t en as below. 
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